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PREFACE 


Thisvolume records the proceedings of a Symposium organised by 
the Scientific Advisory Committee of the British Egg Marketing Board 
and held in the University of Nottingham, School of Agriculture, 
Sutton Bonington, 1 6th- 1 8th December 1964. The Committee came 
into being in April 1961 as a result of a report by Professor A. C. 
Chibnall who had been asked to advise the Board on what might be 
done to promote research relevant to egg production in domestic fowl. 
The Committee’s terms of reference were as follows: 

To promote the scientific study of domestic fowl by drawing 
attention to its importance, by stimulating the recruitment and 
training of research workers, by organising basic and applied 
research in poultry husbandry and in the physiology, pathology, 
genetics, nutrition and biochemistry of fowl, and by facilitating 
communication between those working in this field. 

In the course of four and a half years the Committee has made 
numerous recommendations to the Board, all of which have been 
accepted. In facilitating communication, in accordance with its final 
instruction, the Committee obtained support lor the journal, British 
Poultry Science, and published a directory of scientists and institutions 
concerned with poultry research. The organisation of the 1964 
Symposium as the first of what it is hoped will be an annual series 
represented, however, the major step in this direction. The second 
Symposium took place on 22nd and 23rd September r965, again at 
Sutton Bonington, this time on Protein Utilisation by Poultry. The pro- 
ceedings of this second Symposium will be published similarly in book 
form as soon as possible. 

The aims of the Symposia are to enable those working in the field 
to meet each other, to promote the exchange of information and to 
provide an opportunity for reviewing the current state of knowledge 
in particular aspects of poultry science. It is hoped further that the 
Symposia will indicate where further effort could most fruitfully be 
concentrated. The 1964 Symposium was very rvell attended and all 
those who were present ^vill agree that it accomplished all these aims 
and set a high standard which we have every e.xpectation will be 
maintained in subsequent ones. 

It tvas my pleasant duty as Chairman of the first session of the rg6.j 
Symposium to welcome all participants on behalf of the British Egg 
Marketing Board and particul.arly the overseas visitors, notably 
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Professor Nalbandov, Dr Lorenz and Dr Romijn whose presence 
contributed much to the success of the meeting. 

The Scientific Advisory Committee offers its warmest thanks to all 
who took an active paft in the meeting especially to those who prepared 
manuscripts for publication. Grateful acknowledgement is also made 
to Dr C. Horton-Smith, who with the assistance of Professor Amoroso, 
on the biological side, undertook the not inconsiderable editorial duties 
involved in the publication of this volume. Best thanks arc also due 
to Dr Norman Knowles, Secretary of the Committee, who was largely 
responsible for the organisation of the meeting. 

A. S. P. 
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HORMONE CONTROL OF OVULATION 
D. M. Nelson* and A. V. Nalbandov 

Animal Genetics Laboratory ^ University of Illinois^ 

Urbana, Illinois, U.S.A. 

Synopsis 

Using the OAAD method, the LH concentrations in the plasma and 
in the hypophyses of So laying hens were estimated. Three important 
peaks of LH release into the plasma are noted . The two peaks occurring 
respectively 13 and 8 hr. prior to ovulation are both thought to be 
essential in inducing rupture of the follicle. While both releases are 
thought to be mediated by the hypothalamus, the signal for the release 
at 1 3 hr. is thought to be neural in nature while the signal for the release 
8 hr. prior to ovulation is thought to be caused by a hormone, perhaps 
progesterone. The first LH release during the laying cycle occurs 5 hr. 
after oviposition or 19 hr. prior to ovulation of the next ovum. This 
peak of LH release is probably not related to ovulation, but it is noted 
that it occurs at the time when the egg leaves the magnum and enters 
the uterus. This study is considered as a step towards an understanding 
of the hormonal mechanism controlling ovulation in the hen. The 
fact that LH can be reliably detected in plasma and pituitary tissue of 
laying hens (and cockerels), should greatly facilitate future research on 
problems of avian reproduction. 

Introduction 

Systematic study of the avian endocrine control systems is not very 
old. Among the oldest attempts to understand the role of the pituitary 
gland in reproduction are those of Hill, Corkill and Parkes (1934) and 
Hill and Parkes (1934), who were the first to hypophyscctomise 
chickens. Subsequently, much additional work has appeared in print 
which clearly established that in the bird the gonads do indeed depend 
for support on hypophysial secretion. This has been amply confirmed 
both by experiments invoKnng ablation of the adenohypophysis and 
those in which substitution therapy ivas used in cither intact or h) po- 
physcctomiscd hens (Opel and Nalbandov, 1961a, b, c). None of the 
experimental ivork sheds much light on the mechanism controlling the 

* Tlie experimental data presented Jiere %\erc collecteti by .Nfr 1). .\f. Xebon in partial 
fulfilment of the requirements for a I’h.D. degree of the University of Illmnii 
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cyclic function of the ovary of the laying hen resulting in the well- 
linown clutch sequences which arc typical of all avian species. Several 
attempts to explain the underlying control systems have been made, but 
none of them was satisfactory, primarily because they tvcrc based on 
conjectures rather than endocrine facts (for details, see Fraps, 1961). 
It appeared necessary to gather knowledge of the changes in hypo- 
physial hormone concentrations throughout the laying cycle. With 
the advent of the ovarian ascorbic acid depletion (OAAD) method, a 
tool became available which allowed the assay of individual glands for 
luteinising hormone (LH) content and concentration. The method 
also held out hope that LH concentrations in small quantities of plasma, 
obtained from living hens, some of which could then continue to com- 
plete the laying cycle, could be determined and perhaps correlated 
with the rate of synthesis and release of hypophysial LH. Because the 
OAAD method is time consuming and cumbersome and because of 
the difficulty of obtaining adequate numbers of suitable donor animals, 
it was decided to concentrate on changes in LH concentration and to 
leave estimates of levels of FSH for later. It is the intent of the present 
paper to discuss the changes in plasma and hypophysial LH concen- 
tration throughout one laying circle of eighty laying Single Comb 
White Leghorn hens. 


Materials and Methods 

The OAAD method used was the standard method proposed by 
Parlow (1961) which was somewhat modified for our purposes. The 
plasma was obtained by heart puncture from laying hens whose habitual 
laying cycles had been established during a pre-experimental period. 
In the experiments to be discussed here, blood was taken at different 
times following the oviposition of the Cj ovum (first ovulation of a 
clutch), and prior to ovulation of the C3 follicle. Following bleeding, 
the hens were killed and the adenohypophyses recovered for bioassay; 
the oviducts were inspected for the presence of eggs and their relative 
positions in the oriduct were recorded. In this experimental design, 
plasma and glands were available for each hour of the entire cycle, 
albeit from different hens. In one experiment hens were bled and their 
pituitary glands recovered following oviposition of the terminal egg 
of the clutch. In these hens no ovulation was expected to occur for 
1 6 hr. after the lay of the terminal egg of the clutch. 

Results and Discussion 

Before discussing the results obtained in the changes in LH during 
the laying cycle, a few words in support of the validity of the assay 
method are in order. The question was asked whether the method is 
capable of detecting LH in chicken plasma. Two different approaches 
to this problem provided reasonable assurance that LH is indeed 
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measurable in plasma. In the first approach it was reasoned that some 
estimate of the reliability of the method could be obtained if one were 
to introduce exogenous LH into a bird and ask the question how much 
of this LH could be demonstrated in the plasma by the OAAD method. 
Accordingly, 200 pg. of an NIH-LH (Bj) were injected intravenously 
into a male weighing 2,088 g. and blood was withdrawn by heart 
puncture from the bird at intervals up to 55 min. after the initial 
injection. It will be noted (Fig. i) that there is a very significant rise 
in LH plasma concentration as compared to the pre-injection normal 
level. Parenthetically it should be noted that the half-life of such 
exogenous LH is exceedingly short and that by 10 min. after initial 
injection practically no exogenous LH is detected in the plasma. 
Fifteen min. after injection only the endogenous LH can be detected. 
This experiment was repeated several times in different animals with 
identical results. The second approach is perhaps more convincing. 
It was demonstrated in many animals that the plasma level of LH drops 
from a normal level of around 8-9 fig./ 100 ml. to zero immediately 
following hypophysectomy of male chickens. For these reasons it 
appears highly probable that the assay does measure the endogenous 
LH in plasma or in pituitary tissue. 

We can now proceed to examine the results obtained on the assays 
of plasma and hypophyses of laying hens during the cycle. The data 
are shown graphically in Fig. 2, in which the LH concentrations are 
expressed in terms of the NIH-LH used as a reference standard in each 
of the separate assays. The time intervals along the abscissa are 
arranged to show the actual intervals in hours from the lay of Cj ovum to 
sampling of fluids or tissue (top row), as well as the calculated intervals 
from sampling to the expected ovulation of the C3 ovum which, of course, 
was never ovulated because the hen was killed before that event. 
The C2 ovulation was being converted into an egg in the oviduct during 
the entire sampling period. Inspection of Fig. 2 will show that as far as 
plasma LH concentration is concerned there are 3 peaks of LH 
release which occur about 5, 12 and 18 hr. after oviposition of the C,, 
or approximately 20, 12 and 8 hr. prior to ovulation of the C3. For 
the time being, let us ignore the first peak of LH release and consider 
the 2 peaks which occur 8 and 12 hr. prior to ovulation of C3. Both 
peaks are higlily significant in their elevations over the base level and 
the conclusion appears justified that two LH releases occur prior to the 
shedding of the next egg. 

This finding was completely unexpected and difficult to understand 
until we recalled that there are two previous independent estimates of 
the time of LH release available in the literature. The first estimate 
svas made by Rothchild and Fraps (1949) svho hypophyscctomised hens 
which were laying regularly 10 to 2 hr. prior to expected ovulation. 
This experiment led to the conclusion that the release of LH occurs 
about 8 hr. prior to ovulation. Somewhat later \*an Tienhosrn 
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Nalbandov and Norton (1954) blocked ovulation in laying hens by the 
use of an adrenergic blocking agent, Dibenamine. They found that 
the most effective bloekadc was produced about 1 4 hr. prior to expected 
ovulation and suggested that the neural stimulus for LH release takes 
place at about that time. For many years the possible reasons for the 
discrepancy between these two estimates was an enigma. On the basis 
of the direct assay of the plasma LH concentration it now appears that 



Fio. I. Recovery of exogenous LH injected into intact cockerels. 
The levels of LH at o time and i8 minutes and after the intravenous 
injection of exogenous LH, represent endogenous LH. 



Fic. 2. Changes in LH concentration in plasma (solid line) and 
hypoph>*sc3 of 80 laying hens. Abscissa shows hours after lay of Cj 
cgS (upper row) and hours prior to ovulation of Cj ovum (bottom 
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both estimates were amazingly accurate and that there are indeed two 
LH releases. It remains to be understood why trvo releases are 

"'“Suld be noted that the 14-hr. peak is the one that was blocked 
by Dibenamine, which suggests that this is the release that J)y 

a neural signal. The fact that Rothchild and Fraps (1949) and others 
were also fble to cause LH release in hens by the “J-tion of pr^g.- 
terone 6 to 8 hr. prior to ovulation further suggests that the LH relea e 
occurring at 8 hr. may be induced by a horraoiial signal. These 
conjectures must await further experimental mampulatwns before they 
can be endowed with the stature of a working hypothesis. 

Further inspection of the data in Fig. 2 shows 
fact. There is a good and significant correlation betwe ^ P 
LH content and plasma concentration, but only for the ^ , 

release. This suggests that there is increased synthesis as well as re eare 
of LH for the first 2 peaks but that at the third P^^l^ 
releases whatever hormone it has stored but does n y 
LH. The biological significance of this observation is difficult 

evaluate in the absence “"“f^^’L^P'Trsfbwk of LH synthesis and 
It was quite unexpected to find the first pea r 

release. It is noted that it occurs 5 hr. after the ovulation of C,. by 
that time the C, ovum has passed through th" S^^tofTnd 

and has entered the uterus. It may be recalled 

N..b„dov (.953) h.v. 'll'MTSrvfn,; 

thread (or of any other foreign body) p hlorked hens 

impairing follicular development. Ovulation in sue 

can be induced at any time by either the injection or of a forge 

dose of progesterone. This was interpreted to 

was blocked by neural signals originating m t e mag ■ 

to note that the first peak of LH release occurs shortly 

leaves the magnum. Since the thread presum ^ 

peaks and since, as shown by the P^^eas^nablc to assume 

released when the egg enters the uterus, it s nviilation but 

that this first peak has nothing to do with m ‘°j.r groivth 

may provide the LH to cause the ovulatory spurt 

which is as characteristic of chickens as it is o tnam ' both 

Rothchild-VanTienhoven data it appears rcasona y cc r | 

the 14 and 8 hr. pre-ovulatory releases of LH are necessaiy for ovula^ 

tion, but why a double release is "^^rre hormone 

be interesting to see ivhat happens to the fol t b 

(FSH) concentration in pituitaries and m tnc p t ^ jj 

limitations permit its estimation in the plasma) a 

pe.nks are detected during the osnilatoiy pf"- of the pituitaiy 

Of some interest are the nuetuations in die u eights 
glands during the haying cycle. It is spen (I 'S’ 3) ‘ shoun 

peaks in pituitary weight coincide with the peaks ofl.H 
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in Fig. 2. The peaks at 22 and 8 hr. prior to ovulation arc significantly 
different from the lowest values preceding and following them. None 
of the values between 22 and 12 hr. prior to ovulation is significantly 
different from the other. Taking the statistical significance of the 
weights at the different times into consideration, one can summarise tlic 
data on hypophysial weight changes as follows. There is an increase in 
pituitary weight from 22 to 21 hr. prior to ovulation. From 21 to 12 
hr. the weight remains unchanged and high. After the LH release 
12 hr. prior to ovulation, hypophysial weight drops drastically in i hr. 
The weight is gradually regained by 8 hr. and, after the LH release 
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Fig. 3. Changes in pituitaiy weights throughout the laying cycle. 

These arc the same glands which were assayed for LH content 
(Figure 2). Note that peaks in pituitary weight roughly correspond 
to peaks of LH release. 

occurring at 8 hr., the weight drops again to base level. The biological 
significance of these changes in pituitary weight are unknown. Because 
of the magnitude of the changes in weight it is highly unlikely that an 
increase in weight is due to accumulation of hormones just as a drop in 
weight cannot be reasonably ascribed to release of LH into the blood 
stream. For the time being it is probably safest to note the amazingly 
close correlation between the hypophysial weight changes and the 
times of LH release from the pituitary gland. 

There is one further point of interest which emerged from these 
studies. A comparison was made between the patterns of LH release 
into the blood stream and its hypophysial concentration in hens which 
had laid the terminal egg and those which %vere about to ovulate the 
second egg of the clutch. Hens laying 4- and 5-egg clutches were 
selected for this studyand all of them were killed at the timeof the 12 hr. 
prc-ovuIatory LH release. It was intended to test the idea presented 
elsewhere (Nalbandov, 1958, 1961) that the clutch is terminated 
because the pituitary gland cannot synthesise enough hormone by the 
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time the terminal egg is laid and that a recovery period of about 24 hr. 
is required for the adenohypophysis to regain competence for adequate 
LH release. The results are summarised in Table i. First, attention 
is called to the fact that no difference exists in the LH concentration 
in the pituitaries of the 8 hens which had laid the terminal egg of the 

TABLE I 

Comparison of LH concentrations in glands and plasma of hens having laid 
the terminal egg and those having laid the first egg of the clutch, sampled is hr. 
after oviposilion 


Pituitar)' LH concentration in 


Position 

No. 

wet / 

A 


in 

of 

weight Pituitary 

pg./whole 

Plasma 

clutch 

hens 

(mg.) (ig./ioo mg. 

gland 

/ig./roo ml. 

Terminal 

8 

6-77±0'29'‘ 5-67±i-30 

o-39±o-09 

5'02±o-76 

Initial 

12 

8-22±0'4o'' 5'67±i-04 

o-48±o-io 

25-42 ±3-56“ 


“ Means i standard error. P=s 

0*05. ® P <0'001. 


clutch and those of hens which had laid the Cj and had the Cj ovulation 
in the oviduct. Neither are the differences in pg. LH/pituitaiy or 
those between pituitary weights significant between these two groups. 
In contrast, the highly significant differences (P<o-ooi) in the plasma 
LH between the two groups is very striiing. This clearly shows that 
the pituitary glands at the end of the clutch have as much LH reserve 
as they do at its beginning but that they release none or little of their 
hoard into the systemic circulation. 
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ASPECTS OF THE PHYSIOLOGY OF THE 
TRANSPORT OF THE OVUM THROUGH THE 
OVIDUCT OF THE DOMESTIC HEN 

A. B. Gilbert, P. E. Lake and D. G. M. Wood-Gush 

Agricultural Research Council, Poultry Research Centre, 

King’s Buildings, West Mains Road, Edinburgh, g 

Synopsis 

Egg-shell quality depends upon, among other things, the time 
which an egg spends in the shell gland prior to oviposition and the 
integrity of the calcium deposition process. Some experiments demon- 
strating physiological factors involved in the oviposition mechanism 
are described in this review. 


Introduction 

Poor egg quality, in all its aspects, is a major concern of the poultry 
industry and malfunction of the oviduct secretory mechanisms or 
derangement of the movement of the egg down the oviduct may be 
involved. This review will be concerned only with physiological 
factors relating to poor egg-shell quality. 

If calcium secretion is normal it would seem reasonable, in the 
present state of knowledge, to presume that the shorter the stay in the 
uterus the less satisfactory is the quantity of shell deposited (Burmester, 
1940) and hence the quality of the egg-shell will be impaired. Thus 
the mechanisms involved in oviposition and its timing may well have 
a bearing on the general problem of egg-shell formation. 

Effect of a foreign object in the oviduct on oviposition 

Experimentally it can be shown that surgical interference with the 
uterus can result in the oviposition of shell-less eggs. Huston and 
Nalbandov (1953) reported on the effects of placing a surgical thread 
in the oviduct on egg-laying rate and Sykes (1953) shotved that if a 
thread was placed in the shell gland poorly shelled eggs were laid. 
The latter observation was confirmed by Lake and Gilbert (1964), and 
moreover the efTcct was found to be most marked when the thread w.is 
placed in the shell gland or utcro-isthmus junction; in other regions 
there tvas little or no cfTcct. There was no evidence that calcium 
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deposition was affected, but the results suggested that oviposition time 
was premature. It was found that oviposition times of shell-less eggs 
were always between the hours of 7 p*ni. and 8 a.m. whereas norma 
eggs were laid between the hours of 7 a.m. and 7 p-m. In a study o 
nesting behaviour of the bird (Wood-Gush, 1 963) > soft-shelled eggs were 
always laid on the floor of the pen and the bird appeared to be com- 
pletely unaware of this event. However, about 12 to 18 hr. subse- 
quently, the bird did exhibit a perfectly normal nesting behaviour. 
The onset of nesting in normal hens occurred about 2 hr. before ovi- 
position, and followed the lag pattern of a clutch. In birds laying soft- 
shelled eggs oviposition time was erratic, but-nesting, although divorced 
from oviposition by many hours, still followed a normal lag and clutch 
pattern. These facts strongly suggest that ovulation time is not affected 
but that oviposition is induced prematurely when a foreign object is 
placed in the walls of the shell gland. 

The way in which the thread exerts its effect is not yet known. The 
nature of the material is unlikely to be important, since Michel clips 
have a similar effect. It has been found that the foreign object must 
penetrate deeply into the wall of the shell gland; superficially placed 
threads or clips do not lead to the production of poorly shelled eggs. 
The contact area of the thread or clip is small relative to the mass of the 
shell gland and it is unlikely that irritation per se caused the production 
of soft-shelled eggs. However, it is conceivable that the effect of some 
local irritation could be spread by neural pathways as the uterus is 
well innervated (Gilbert and Lake, 1963a). 

The ovary in relation to oviposition 

Rothchild and Fraps (1944) showed that if the latest post-ovulatory 
follicle is removed, the oviposition time of the egg derived from that 
follicle is delayed and they suggested that a hormone was released from 
this structure. This effect has been confirmed (Wood-Gush and 
Gilbert, 1964) and it has also been shown that the results of merely 
ligating the stalk were the same as removal of the follicle. Cocaine 
injected into the stalk had a similar but less marked effect (Gilbert and 
Wood-Gush, 1965). This suggests that some neural mechanism is also 
involved and it has been found that the ovarian follicle of the hen is 
well innervated (Gilbert, 1965). Thus the ovary may play a more 
direct role in regulating the movement of the egg through the oviduct 
than has hitherto been thought likely. 

Neurohypophysial hormones and oviposition 
It is known that oxytocin and vasopressin arc capable of inducing 
oviposition in the hen, and Tanaka and Nakajo (1962) showed that 
oxytocic hormones were released from the pituitary just prior to ovi- 
position. Gilbert and Lake (19636) also found that both oxytocin and 
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vasopressin became more effective in inducing premature oviposition 
the nearer the hen was to normal oviposition time. An aminopeptidase, 
capable of destroying oxytocin, was found in the blood of hens and the 
activity of this enzyme was found to decrease at about the time of egg- 
laying (Gilbert and Lake, 1964). 


Conclusion 

It is generally supposed that poorly shelled eggs result mainly from 
a deficiency in dietary calcium, an upset in calcium metabolism or a 
fault in the transport of calcium to the egg in the shell gland. However, 
it has been shown that derangement of certain physiological mechan- 
isms of the ovary and oviduct, which are unlikely to be related to 
calcium metabolism, can also lead to the production of poorly shelled 
eggs. 
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EFFECT OF FOWL GONADOTROPHIN 

following treatment with a 

PITUITARY INHIBITOR 

Margaret E. Mitchell * 
li^e College {University of London)^ Ashford^ Kent 

Synopsis 

Some of the biological properties of a non-steroid pituitary inhibitor 
are described, and their applicability to poultry research is discussed. 

Hens maintained on a diet containing this inhibitor were injected 
with a crude preparation of fowl gonadotrophin, and the effects on 
ovary and oviduct weight and on comb size were noted. Very high 
dose levels were needed to stimulate development of follicles in the 
regressed ovary, as compared with the published requirements for 
ovarian maintenance in hypophysectomised hens. The range of doses 
examined suggested that approximately 40 mg. of the fowl extract 
daily for 10 days may be necessary for follicular growth. Addition of a 
further one or two intravenous injections to a period of daily intra- 
muscular injections apparently induced ovulation, as judged by the 
presence of ruptured follicles in the ovary, but eggs were not laid. 

Throughout the study, effectiveness of a particular hormone dose 
level was very variable. Suggestions are made concerning the cause of 
the high dose requirement, and of the variability; intended extensions 
of the work are outlined. 


Introduction 

In 1961, Paget, Walpole and Richardson described some of the 
anti-gonadotrophin effects of I.C.I. compound 33828, a derivative of 
dithiocarbamoyl hydrazine, having the following formula; 

CH.=CH.CH.NH.CS.NH.NH.CS.NH.CH, 

I 

CH3 

These authors reported tlic selective inhibition of pituitary gonado- 
trophic activity in rats, dogs and monkeys. Normal female cycles were 

* Vrcsenl .iddrcsj: PouJiry Ucsearch Centre, West Mains Road, Edinburgh 9, Scotland. 
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interrupted, and, in the male, accessory organs atrophied and spermato- 
genesis ceased. These effects were reversed when treatment ended. 
Later ^vork (Brown, 1963) indicates that tlie compound is similarly 
active in several other mammals. The effective dose level varies 
greatly ivith species. 

An investigation of treatment of poultry with this substance was 
carried out at Wye College (Sykes, 1963). He reported that feeding 
low dietary levels of I.C.I. compound 33828 was very effective in stop- 
ping egg production. A concentration of 0-04 per cent in the normal 
dry-mash ration caused egg laying to cease by the second day. Re- 
covery took 17 to 34 days after the lo-day treatment period. This 
level was somewhat toxic; o-02 per cent and o-oi per cent were 
found to be equally effective; and more acceptable. Sykes’s report 
of a preliminary investigation of exogenous gonadotrophin treatment 
describes very inconsistent results after a pregnant mare serum injec- 
tion (Sykes, 1964). 

Many studies have been reported of the effects of gonadotrophin 
treatment following hypophysectomy. In some of these, comparisons 
have been made between avian and mammalian hormone preparations. 
For example, Opel and Nalbandov (1961) studied the ability of gonado- 
trophin preparations to maintain normal ovarian function following 
pituitary removal. Morris and Nalbandov (1961) treated starving 
pullets with gonadotrophins to prevent ovarian atrophy, which usually 
follows removal of food. From these and other studies, it seems that 
chicken anterior pituitary material is superior to the purified mam- 
malian materials tested. It is not known to what extent this can be attri- 
buted to the presence in the crude avian extract of hormones other than 
gonadotrophins, or to the production of immunological resistance to 
the mammalian preparations. 

In the experiments under discussion, the I.C.I. compound was used 
to deplete pituitary gonadotrophins and cause ovarian regression. 
This was followed by treatment with fowl anterior pituitary in an 
attempt to restore the follicular cycle, as found in a normal active 
ovary, and if possible, to induce ovulation. 


Materials and Methods 

Fowl Pituitary. With the cooperation of the British Egg Marketing 
Board, a collection of anterior pituitary glands was obtained from the 
Buxted Chicken Company, Ltd. The glands were removed at a broiler 
processing plant, from 8 - to 1 2-wcck-oId birds of both sexes. They were 
taken from fresh heads, and placed in dry acetone. Each day’s collec- 
tion rvas pooled, and stored in fresh acetone for transport to the 
laboratory. There, after two changes, the acetone rsas decanted, and 
the residue evaporated off at room temperature. The completely dry 
glands were then readily crushed to a line pale brown powder, yielding 
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an average of i-2 mg. per gland. For injection, the daily dose was 

suspended in i ml. saline. . i t • i. 

Experimental Animals. The hens used in the study were adult Light 
Sussex hens of the Wye College flock. The selected dietary concentra- 
tion of I.G.I. compound was 0-02 per cent with reference to Sykes’s 
findings (1964). At this level, only a few birds were so badly affected 
as to be excluded from experiments. The remainder produced very 
watery droppings but were otherwise in good general condition. Food 


TABLE I 

Ovary and oviduct weights of hens fed 0'02 per cent 
I.C.L compound 33S28 


Period on 
Bird No. diet (days) 

Ovary wt. 

(eO 

Oviduct wt. 

(sO 

10 

*3 

27-5 

37-5 

IS 

«4 

7'3 

14-2 

«4 

iG 

390 

35-8 

16 

t8 

21-5 

27-4 

35 

18 

44-3 

547 

s6 

18 

44*7 

54-2 

7 

34 

40 

10*5 

0 

34 

450 

42*0 

18 

53 

6-5 

I4'i 

20 

54 

70 

14-2 

24 

56 

2*2 

n-5 

22 

58 

400 

50-0 


5/12 vvitli ovary wt. less than 10 g. 

4/12 with ovary wt. greater than 40 g. 


consumption was rather lower than, would be expected in healthy 
laying hens— as reported by Baylcy, Clarke, Hunton and Sykes (1964) 
— but most of the LC.I.-trcated hens maintained body weights of 
around 2’5 kg., within the normal range for the flock. 

Ovarian Regression. A preliminary experiment was carried out to 
investigate the period of I.C.I. compound feeding necessary to cause 
ovarian regression. Twelve hens were killed after periods on the diet 
ranging from 2 weeks to 2 montlis. Ovaries and oviducts were 
removed and weighed: these weights arc shown in Tabic i. 

llic results of this experiment indicate that the shorter periods 
considered were inadequate for the ovaries of most birds to reach the 
fully regressed state, as found in the non-laying, starved or hypo- 
pliyscctomiscd hen. The longer periods were more effective, but not 
consistently so; there were still some hens with quite large ovaries and 
oriducls. None of these birds had laid after the second day on the 
diet, and it was not possible to separate tlicm by any external charac- 
ters from birds with fully regressed os'arics. Higher levels of I.C.I. 
33O2O in the food sverc expected to prove toxic to a greater percentage 
of the birds, so it was decided not to increase the concentration. 
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Routine laparotomy tvas therefore carried out on all birds before the 
start of hormone injections, as a check on ovarian size. After at least 

3 weeks on the diet, each bird was anaesthetised with nembutal 
and ether, and a small incision was made, behind and parallel to the 
last rib, extending dorsally as far as the ilium of the pelvis. A finger 
was inserted into the body cavity, to detect by touch the presence or 
absence of large follicles in the ovary. Although visual examination 
might have been preferable, this method avoided excessive retraction 
of viscera. Several birds were killed after laparotomy, and ovary 
weights recorded. These served as a check on the accuracy of the 
palpation method, and showed it to be satisfactory. 

Four stages of ovarian development were assigned. Stage I was the 
fully regressed state, with no follicles greater than 0-5 cm. diameter. 
Stages II and III had 2 or 3, or 3 or 4 developing follicles respectively, 
and stage IV was an ovary with a follicular series approaching the 
normal state. For all experiments on stimulation of follicle growth, 
only birds designated Stage I or early Stage II were used. This usually 
meant exclusion of two or three from any group of eight birds. 

Recovery from the anaesthetic was good, and a period of at least 

4 days was always allowed to elapse between laparotomy and the 
start of hormone injections. 

Methods. The fowl pituitary suspension was given by intramuscular 
injection to the pectoral muscles. The lowest dose level investigated 
was 5 mg. daily. Earlier work with avian gonadotrophin has usually 
involved freeze-dried preparations, with doses of about 5 mg. of crude 
extract each day. Opel (1960) reported maintenance of ovarian weight 
in hypophysectomised hens with 4 mg. daily. Ovulation was induced 
by the addition of 0 5 mg. given intravenously. In- Morris and Nal- 
bandov’s work with starving pullets (1961) the dose response curve for 
their chicken anterior pituitary preparation suggests approximately 
3 mg. daily, as the best level for maintaining ovarian function. In each 
of these studies, exogenous gonadotrophins were supplied from the time 
of depletion of the endogenous hormones, and the aim was to maintain, 
and not to build up, the follicle series of the ovary. 

In the present experiments, such small doses were without effect 
on the regressed ovaries. When 5 mg. was given for 4 days, and the 
birds killed and examined on the sixth day, no measurable effects were 
found. Treatment with this dose for 8 days, with examination on 
day 10, was little more effective. 

After four injections of to mg., three birds from a group of eight 
showed some increase in ovary weight, as compared with a control 
group receiving no gonadotrophin, but oviduct sveights were unaffected. 

By the tenth day, after eight injections, five of the remaining fifteen 
showed increased ovary and otdduct weights. The remaining ten 
showed little advance in the development of cither organ. 

In efforts to overcome this variability and find a hormone dose level 
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which would produce consistent ovary and oviduct enlargement, 
increasingly high doses were given. Intravenous injections were then 
added to a course of intramuscular injections, in experiments designed 
to stimulate growth of follicles to ovulable size, and then induce these 
to ovulate. 


Experimental Results 

Stimulation of Follicle Growth, Table 2 shows the effects of eight 
daily injections of a range of doses, on the ovaries, oviducts and combs. 
All the birds were killed on the tenth day, the second day after the last 
injection. Ovaries and oviducts were removed and weighed at autopsy, 
and the diameters of the follicles present in the ovaries were measured, 

TABLE 2 


Effect of intramuscular injection of fowl gonadotrophin on hens maintained on 
LC.L compound 33828 


Dose level 

Number 



Mean comb 

mg. daily 

of 

Mean ovary weight (g.) 

Mean oviduct weight (g.) 

change 

8 days 

birds 

± S.E. 

± S.E. 

per cent . 

0 

8 

4*9±o-9i 

i0'9±i*ii 

— 

10 

J5 

30‘9±9*4o 

32-6±3'75 

+19-8 

25 

G 

68'C2±23*7 

34'9±r99 

+53’3 

50 

6 

76*1 ±19*8 

36-2±4*6o 

+ i=3'3 

75 

G 

a9'3±24-47 

4I’2±2-96 

+ 117-0 


along their short axis. Records were kept of body weight changes 
over the period of the experiments, and also of changes in comb size, 
as estimated by the product of maximum comb length, and height 
above the eye. 

As mentioned above, i o mg. daily was inadequate. Twenty-five mg. 
had some stimulatory effect on all six birds of the group; ovarian weights 
were still very variable, but the effect on the oviduct was more consis- 
tent, With both 50 and 75 mg., ovarian reaction was clearly divided. 
Four hens out of six in each case had greatly enlarged ovaries, and two 
of the six lacked follicular growth almost completely, beyond follicle 
diameters of 0'5 to i-o cm. This could not be related to general poor 
condition of individual birds. Greater consistency of oviduct weight 
was again found. Differences between experimental and control 
v'alues for menu weights of ovary and oviduct were tested for significance 
by Student’s t test. At the i per cent level of probability, all the 
oviduct weight means were significantly greater in experimental 
groups than in the controls, but only the 25, 50 and 75 mg. treatments 
produced significantly heavier ovaries. The 25 mg. difference only 
just achieved significance. The greatest mean comb size increase, 
expressed as a percentage of the comb size at the start of the experiment, 
was recorded with 50 mg. daily injection. 

The qualitative effects on the ovaries arc summarised in Table 3. 



normal - IN LAY 


Plate i 



Foi LICLES FROM OvARIES OF TREATED AND NORMAL HeNS 

riif o\.«y of a normal laying hen Is shown, with its follicles detached. Below this 
.nc the overstnmilatcd ovary and follicles from an cxpeiimental bird receiving 
7*, nnjin. fowl pituitary powder daily. 
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In the 10 mg. group, although almost half the ovaries tverc appar- 
itly unstimulated, one hen ovulated and produced a normal egg on 
ay 9. The ovary of this hen was classified as overstimulated at 
atopsy, A normal egg was also produced during the 25 mg. experi- 
lent, again from an ovary which appeared overstimulated, and in the 
vary of another hen in this group a recently ruptured follicle was 
mnd, but no egg was recorded, or found in the oviduct. A soft- 
lelled egg may have been lost through the cage floor, or the yolk may 
ave been resorbed from the body cavity. 


TABLE 3 

'ummary of ejfecl of fowl gonadotrophin injections on l.C.I. yySsS-regressed 


frcstnicnt Jcvcl 


ovanes 

Proportion of ovaries 



mg. daily — 


Apparently 

Lacking 

8 days 

Overstimulated normal 

follicle growth 

JO 

2/15 

6/15 

7/15 1 

25 

2/e 

2/6 

2/6 J 

1 

50 

2/6 

2/6 

2/6 0 

75 

4/6 

1/6 

1/6 I ! 

1 1 


Ovulations 


normal egg laid 
recently ruptured follicle 
in ovary 


gland 

+ i ruptured follicle in 
ovary 


Although no signs of ovulation were found in the 50 mg. experiment, 
, itiiuuguiiuaigi j tiif* 71^ me:, dose level. This was the 

a similar result was ^^tamed wuh^ prSucfd a soft-shcIIed egg on the 
ighest level given. found to have a complete egg, with fully 

eighth day, and imot er recently ruptured folJicJcs in 

formed shell, in the s e g Thus one yolk appeared to have been 
an apparently norma egg which ivas not recorded, 

lost, by resorption, or as ^ ovaries which did react by folli- 

In these last two greatly enlarged, and weighed more 

cular development ten ^ normal ovary from a laying hen. This 
than would be “J’^y^^jfjojulation of all follicle sizes. A graded series 
was due to f„,o or three representatives of each size, 

3 ;,es "1“ found, ^ ^^ ,, 

instead 01 o In the overstimulated ovaries, follicles often 

Jnduct‘ 0 ’] fj iiliich a normal follicle ivould onilalc. Tivo 

approached t of the fowl pituitaiy were therefore added at the 

intravenous mj jotramusciilar injections, in an attempt to cause 
end of n largest such follicles. The injection pattern followed 

ovulation 0' “ jotr-amuscular, followed by two intravenous; the liens 
was then cig “ ,„ rmh day. 

were killcfl on 
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The dose level of 50 mg. was selected to produce follicular growth, 
■without excessive overstimulation. Addition of two intravenous 
injections of 10 mg. was ineffective, so in a second experiment, intra- 
venous doses of 50 mg. were given. Ovarian development was recorded 
in all six birds of the group; mean ovary weight was 9i'25±8-39 g., 
and mean oviduct weight, 40 - 95 ± 3'^5 S- i^oth values were signifi- 
cantly greater than control values at the i per cent probability level. 
Although none of the six laid, four of them were found to have recently 
ruptured follicles in the ovary. No oviducal eggs were found. In five 
of these six, atresia had set in, in the larger follicles, but was not far 
advanced, and had not reached the smaller members of the follicular 
series, as judged macroscopically. As in the experiments with intra- 
piuscular injections alone, there was more than one representative of 
each size class. 


Discussion and Conclusions 

These experiments indicate that intramuscular injections of a crude 
fowl pituitary preparation can induce follicular growth in a regressed 
ovary. Over a to-day experimental period, a dose level of 25 mg. for 
8 days was only partially effective. Fifty mg. resulted in some 
overstimulation, and may have been slightly higher than necessary; 
75 ttg- produced marked overstimulation. In these experiments, some 
individual hens failed to respond by follicular development. From 
these results, the possibility emerges that a dose level of about 40-45 
mg. daily might be expected to give good results. The appearance of 
recently ruptured follicles after the addition of intravenous injections 
to a course of intramuscular treatment suggests the induction of ovula- 
tion, despite the absence of oviposition in all hens receiving such 
treatment. As ovulation and oviposition were recorded during experi- 
ments with intramuscular injections alone, the possibility cannot be 
ignored that some at least of these ruptured follicles may have been 
esidcnce of spontaneous ovulation, unrelated to the intravenous 
injections. 

The dose levels used in this scries of experiments appear extremely 
high when compared with those in other published data on fowl 
pituitary treatment of hypoplryscctomiscd hens. A number of sugges- 
tions can be made in an attempt to explain this. Firstly, such an effect 
.as tins svould be seen if the extract used were of low potency. Secondly, 
a partial inhibition by I.C.I. 3382O of exogenous gonadotrophin might 
be suggested. A tliird possibility is tliat the hormone requirement for 
follicular growth from the fully regressed state, in a lo-day period, is 
much higher than the requirement for maintenance of an existing 
follicle scries. These possibilities may be considered, and future 
experiments arc planned in the hope of enabling one or more to be 
discarded. On the evidence available for luiman and other pituitary 
glands, it is not likely that acetone-drying, as opposed to frcczc-drying. 
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caused a great loss of potency. Trial assays of the fowl material have 
been, carried out by Dr Butt at the Birmingham Department of Clinical 
Endocrinology. The assay techniques used involved the responses of 
ovaries and uteri of immature female mice to the test substance, and 
preliminary results do not indicate low potency of the preparation in 
follicle-stimulating hormone or in total gonadotrophin. 

The possibility that the I.C.I. compound counteracts exogenous 
gonadotrophins in fowl has not been investigated. Paget et al. (1961) 
originally reported that it did not counteract mammalian hormone 
activity in immature rats. However, Brown (1963) reported some effect 
on the slope of the dose response lines when large doses of I.C.I, 33828 
were given together with gonadotrophins in assay experiments, but 
suggested that toxicity effects might have been responsible for this. 

In these experiments oviduct weights were much more consistent 
than ovary iveights, and might be greatly increased as compared ivith 
controls even when the ovaries appeared to be unaffected. The 
oviducts were not examined at laparotomy, so there was no direct 
evidence that oviduct weights were low initially. However, oviducts in 
controls with regressed ovaries were consistently small. It would seem 
that although follicle growth as judged by yolk deposition may have 
been absent, such high hormone levels did have an effect on the 
endocrine activity of the ovary, to produce stimulation of oviduct and 
comb growth. A histological study of the ovaries is to be carried out. 

A food intake study of fowl treated with I.C.I. 33828 together with 
gonadotrophin might determine whether the food intake of these birds 
is adequate for yolk synthesis and deposition. 

Another point is the absence of ovulation in some birds ivith large 
follicles present. This might be related to an overstimulation effect, 
or to an inadequacy of ovulation inducing hormone at the appropriate 
time. Judgment of this must be deferred until more information is 
available about potency and relative hormone content of the pituitary 
preparation. The experimental approach to the problem has been 
suspended for the present, to permit assay work and histological 
examination of tissues to proceed. 
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OESTROGENS IN PLASMA FROM THE 
DOMESTIC FOWL 

J. E. O’Grady 

Twyford Laboratories Ltd., Tuyford Abbey Road, London, X.W.io 
Synopsis 

A DOUBLE isotope derivative technique is described for the identifica- 
tion of plasma oestrone, oestradiol and oestriol. Plasma from the 
laying domestic fowl was hydrolysed in acid, extracted with chloroform 
and the phenolic steroids isolated from this extract. The oestrogens in 
the phenolic steroid extract were converted to their 3-methyl ethers 
with T-dimethyl sulphate, mixed with authentic C"'* methyl oestrogens 
and purified by six chromatographic steps. The isolated methyl 
oestrogens displayed a constant C“/T ratio in the last three chromato- 
graphic transfers showing that radiochemical homogeneity had been 
reached. Using this technique both oestrone and oestradiol rvere shou'n 
to be present in plasma from laying birds but oestriol could not be 
detected. 

Introduction 

Although there exists an extensive literature concerned with the 
effects of oestrogenic substances on the domestic fowl, surprisingly little 
is known about the nature of the oestrogens circulating naturally in 
the laying bird. 

Thus although the ovaries of the laying domestic fowl were shown to 
contain oestrone, oestradiol and oestriol (Laync, Common, Maw and 
Fraps, 1958), and oestrone and oestradiol have been isolated from 
extracts of laying hen urine (Ainsworth and Common, 1962; Macrae, 
Saharia and Common, 1 939), the precise nature of the plasma oestrogens 
is unknown. Laync et al. (1958) subjected extracts of whole blood 
(650 ml.) to paper chromatography to separate and isolate the oestro- 
gens and used ultraviolet absorption spectromctiy to identify the 
isolated materials. They found that a compound identical with or 
very similar to oestrone was present in the conjugated steroid fraction 
of the blood but were unable to detect oestradiol and oestriol in any of 
the blood steroid fractions. 

The trcliniqiic of double isotope derivative analysis h.)s the adv.in- 
tages of greater sensitivity and specificity over more ronvrntion.tl 
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chemical analytical procedures. Consequently this technique has been 
used in an attempt to identify the plasma oestrogens of the domestic 
fowl. This study was undertaken as part of an investigation into the 
factors involved in ovulation and yolk production in the laying bird. 

Maleriab and Methods 

Reagents. All the reagents employed were of Analar grade. Alu- 
mina (Savory and Moore Ltd., London) of mesh size too/ 150 was 
deactivated wth 5-10 per cent of water and adjusted for chromato- 
graphy by the procedures described by Roy and Brown (i960). Silica 
gel for thin layer chromatography was Kieselgel G (A. G. Merck, 
Darmstadt). 

Inert methyl oestrogens (Sigma Chemical Co., London) were re- 
purificd by alumina chromatography (Brown, 1955). 

T-dimethyl sulphate (Radiochemical Centre, Amersham) was of 
specific activity 100 mc./mM. 6-C“ oestrone (Radiochemical Centre 
Amersham) and C*^ oestradiol are of specific activity 10 mc./mM. 
C'* methyl oestrogens were prepared by methylating the appropriate 
free oestrogen with inert dimethyl sulphate and purification of the 
product by alumina chromatography using the procedure devised by 
Brown (1955). 

General Technique. All solvents were evaporated at 4o°C. in a 
rotary vacuum evaporator. Alumina chromatography was performed 
in chromatography tubes ii mm.X5 mm. diameter sealed on to a 
reservoir of approximately 25 ml. capacity. The alumina was retained 
in the tube with porous polystyrene discs. The apparatus used for thin 
layer chromatography svas manufactured by Desaga, Heidelberg, 
Germany and retailed by Camlab Glass Ltd. 

Plasma. The birds used for the supply of plasma were a White 
Leghorn Cross (CCA X CRM) and were approximately 30 weeks of 
age. Samples of blood (25 ml.) were taken from each bird by bleeding 
from the jugular vein and collected in beakers containing too mg. 
sodium citrate crystals. After centrifugation the plasma from six birds 
was pooled and 50 ml. portions used in each study. 

Isolation and Identification of Oestrogens. Plasma (50 ml.) was hydro- 
lysed by heating under reflux with a mixture of distilled water (250 ml.) 
and 10 ml. cone, hydrochloric acid (11 N) for i hr. The phenolic 
steroids were extracted and isolated from the liydrolysatc by the follow- 
ing procedure which is a modification of a technique for the purifica- 
tion of oestrogens from plasma devised by Svendsen (i960). Fig. i 
is a flow sheet of the modified procedure. After cooling, the plasma 
hydrolysate was extracted with three volumes (75 ml.) of chloroform. 
The final emulsion rvas centrifuged at 1,020 g for 10 min. and the 
lower chloroform layer added to the prewous extracts. Water teas 
removed from tlic extract with log. anhydrous sodium sulphate and the 
c.xtract was then evaporated to dryness. The dried lipid material was 
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transferred to a test tube with 10 ml. chloroform/methanol (1:1 v/v) 
and the solvent again evaporated. Excess lipid was removed by 
partition between ethanol-water (1:1 v/v) (6 ml.) and n-pentane (6 ml.). 
The lipid which passed into the pentane phase was discarded. The 
pentane partition was twice repeated and the ethanolic phase was then 
dried. The partially purified steroids were taken up in 3 ml. of carbon 

PLASMA — 50 ml. 

I 

ACID HYDROLYSIS — HCi 

I 

EXTRACTION — Chloroform 

I 

I 

Chloroform — Evaporated 

I 

PARTITION 

j 

50 per cent EtOH/Pentane 

Ethanol — Evaporated 

I 

PARTITION 


j CCl, : CHClj, 5 ; i/WATER 

EXTRACTION — NaOH 

I 

ACIDIFY — HCI EXTRACTION — Ether 

I I 

EXTRACTION — Chloroform Ether — Evaporated 

1 I 

Chloroform — Ev'aporatcd DRIED — Benzene 

I 

DRIED — Benzene 

I 

OESTRONE+OESTRADIOL OESTRADIOL 

Fig. I. Flow sheet of the initial procedures employed in the isolation 
and identification of plasma oestrogens. 

tctrachloridc/chloroform (5;! v/v) and the solution c.vtractcd u iih three 
volumes (15 ml.) of distilled water. This latter partition retained 
ocstronc and ocstradiol in the organic phase whereas ocstriol \\as 
extracted into the aqueous phase. The organic phase was extracted 
with three volumes of iN sodium hydroxide (1*5 ml.) when the phenolic 
steroids passed into the aqueous alkaline solution. After the alkaline 
extract had been acidified with cone, hydrocldonc acid (t ml.) it was 
extracted with three volumes of chloroform (1*5 ml.) when the steroids 
passed back into the organic phase. The final chloroform solution was 
washed first with 1*5 nil. diswliiim hydrogen phosphate (o-i M,/>Ho), 
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followed by 1-5 ml. distilled water and finally evaporated to dryness. 
The final residue containing the phenolic steroids was further dried by 
repeated addition and evaporation of i ml. portions of anhydrous 
benzene. The aqueous solution containing oestriol was extracted with 
three volumes (2 ml.) of diethyl ether. The ether extract containing 
oestriol after evaporation of the organic solvent was dried with benzene 
as described above. 

Methylation. The purified oestrogens obtained as above were in- 
cubated in lightly stoppered tubes at 40°C. for 48 hr. with i pmole of 
T-dimethyl sulphate dissolved in o- 1 ml. anhydrous benzene, and o- 1 ml. 
of I per cent (w/v) suspension of anhydrous potassium carbonate in 
acetone. After incubation the solvents were evaporated and the 
residual material shaken with 0-5 ml. i N sodium hydroxide solution. 
The tritiated methyl oestrogens were extracted from the aqueous 
solution with three volumes (0-5 ml.) of K-hexane. Any “free” oestro- 
gen remained in the alkaline solution. The hexane extract was finally 
washed with three volumes (0-5 ml.) of water. 

Final Purification. To the extract of the T-methyl oestrogens, diluted 
to 5 ml. with n-hexane saturated with water, 10 pg. of each inert carrier 
methyl oestrogen and i mpc. of each methyl oestrogen were added 
and the mixture was subjected to six chromatographic steps. 

Fig. 2 is a flow sheet representing the order of chromatography. 
Chomatography on alumina was performed as described by Brown 
(1955). The solvents used in elution of the columns were collected in 
fractions of i-o ml. and O'l ml. portions of these were taken for the 
determination of radioactivity. The procedures for thin layer chromato- 
graphy were those of Lisboa and Diczfalusy (1962). The thin-layer 
chromatograms were run for 10 cm., removed from the chromato- 
graphy tank and dried in air. Standard oestrogens were run on each 
chromatogram to aid in locating the unknown oestrogen spots. The 
standards were located by taking eight 0’5 cm. fractions in the area 
normally occupied by the Rf of the oestrogen in question. The silica 
gel from each fraction was eluted twice with i ml. of ethanol. Portions 
of each fraction (o-2 ml.) were taken for liquid scintillation counting 
of its radioactivity. Having located the standard oestrogens the 
corresponding area of silica gel on the unknown chromatograms were 
removed, eluted and their radioactivity counted by the procedures 
employed in the location of the standards. The fractions containing 
the individual unknown methyl oestrogens after each chromatographic 
step were dried in a rotary evaporator, rcdissolvcd in ethanol (50 pi.) 
and applied to the origin of the next chromatogram. A modified 
procedure was employed in the elution of the final thin layer chromato- 
gram. The position of the methyl oestrogen was located by running a 
C** methyl oestrogen standard next to the unknown material on the 
same chromatographic plate and eluting this standard by the teclmique 
described abov'c. Tliis method approximately located the active spot 
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which was divided in an origin, a centre and a front region. These 
three regions were separately scraped from the plate and eluted with 
ethanol as previously described. 

Determination of Radioactivity. The radioactivity of each fraction was 
determined by a liquid scintillation technique. The portion of each 
chromatographic fractions taken for scintillation counting was pipetted 

OESTRONE+OESTRADIOL AND OESTRIOL EXTRACTS 
METHYLATION — TRITIATIOiV 
T-DIMETHYL SULPHATE 
PARTITION 

HEXANE/NaOH iN DISCARD 


T-METHYL + OESTRONE T-METHYL OESTRIOL 

T-METHYL ' OESTRADIOL 

I 

ADD— C“ METHYL OESTROGENS 

1 

+ CARRIER 10 /Iff. ADD — CARRIER 10 /iff. 

I I 

ALUMINA COLU.MN ALU.MINA COI.L’.M.V 

1 I 

THIN L/AYER SYSTEM C THIN LAYER SY.STK.AI f. 

I 

THIN LAYER SYSTE.AI D 

1 

ALUMINA COLUMN 
I 

THIN LAYER SYSTE.AI C 

I 

THIN LAYER SYSTEM R 

Fui. a. Flow sheet ofihcmcthylaiion and chrotnatoaraphv eniplo\rcl 
in the isolation and identification of plasma oe^troqrn^. 


into a silica counting vial. Scintillation liquid (\K 220, .Vucic.ir 
Mntcrpriscs, F.dinbiirgli) (.j ml.) was added to the \ iai and after sw irling 
to ensure complete homogcneit>% (he samples were ctiunted in an 
atitornatic double channel scintillation counter (.N'urle.ir hntrrpn'r 5 . 
Ii<ilnhurgh), to an accuracy of j-po per rent for iriliuni .anri j 2 per 
cent for C'*. 
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chromatography indicating that the oestrogen had become radio- 
chcmically pure. The T/G'^ methyl oestradiol also attained 
chromatographic purity after the second alumina chromatography, 
the isotopic ratio for this steroid remaining constant throughout the 
subsequent chromatographic steps. The homogeneity of the T/C** 

TABLE I 


Isotopic ratios of TjO* methyl oestrogens during 
chromatographic purification 


Chromatographic 

s^’stem 

T/C“ 

methyl oestronc 

T/C»* 

methyl oestradiol 

C** cpm. 

T cpm. 

T/C>< ratio' 

C** cpm. 

T cpm. 

T/C‘* ratio 

1 . Alumina column 

2,164 

14,716 

6-8o 

2,063 

25,998 

12-6 

2. TLC— G 

1,903 

6,340 

323 

1,641 

10,666 

6-5 

3. TLC-B 

>.74» 

3,483 

2-00 

1.564 

7.*97 

4*6 

4. Alumina column 

1,262 

2,323 

1*84 

843 

1,01 1 

1‘20 

5. TLC-C 

841 

1,582 

1-88 

712 

861 

1*21 

G. TLO-A 

213 

394 

1*84 

566 

662 

1-17 


methyl oestrogens was confirmed by the constancy of the T/C‘* ratio 
of the three fraetions obtained during the final thin layer chroma- 
tography of both these steroids (Table 2). 

After the initial alumina chromatography no tritium was observed 
in the chromatographic position normally occupied by methyl ocstriol. 
This result indicates that oeslriol is not present in the plasma of the 
laying bird. However, as no C" methyl ocstriol standard tvas available, 

TABLE 2 

Isotopic ratios across the final "spot" of TJC'* methyl oestrogen obtained during 
the last stage of chromatographic purification. 

T/C“ methyl ocsironc T/C** methyl ocatrncliol 


C“cpnj. T cpm. T/C**ratio C**cpm. ’f* q^m. T/C“rat5o 


Orisnn 

46 

Rs 

.84 

141 

1C6 

I'I 7 

Centre 

9O 

iRi 

1-05 

3G7 

426 

I>|6 

Front 

Og 

128 

1-86 

58 

70 

1*20 


ihc rccovcn* of this steroid during the extraction, inclhylation and 
purification processes was unknown and may Iiavc been too low to 
allow detection. 

These results provide evidence that both oestronc and oestradiol 
eircul.atr naturally in the plasma of the laying domestic fowl. Previous 
\%nrk of !.:i>ne ft cl, (193b) suggested that oestronc may be present in 
\hr pl.-i'tna of the laying domestic fowl in a conjnirated form. This 
iiurittg.siion supjKirts ilje contention that oesininc is present in tlir 
pljoma, but since ludroKsis s\as med before extracting with chloro- 
fijtm it is nnt |soi.‘il)!e to tcH ssheiher the strnnds tsecur naturally in the 
hre m Iviuntl condilii,!!. 
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It is hoped that after further developmentj it will be possible to 
employ the techniques described as the basis of a quantitative method of 
analysis for peripheral plasma oestrogens. 
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SOME OBSERVATIONS ON THE FINE 
STRUCTURE AND HISTOCHEMISTRY OF 
THE OVARIAN FOLLICLE OF THE FOWL 

G. M. Wyburn and a. H. Baillie 

Department of Anatomy, University of Glasgow, Glasgow W.2 
Synopsis 

In an early growing hen’s follicle the ovum and the gi'aiiulosa cells 
become separated by a perivitelline layer of homogeneous substance 
and the zona radiata consists of primary and secondary processes of 
ovum cytoplasm plus cytoplasmic processes of the granulosa cells ivith 
modified plasma membranes. At a later stage the perivitelline sub- 
stance fills wide intercellular spaces between the granulosa cells and 
extends into the zona radiata between the cytoplasmic processes of the 
ovum. The structural characteristics of the post-ovulatory granulosa 
cells are strikingly different from those of the pre-ovulatory granulosa 
cells. 

3/8-, II/8-, 17/6- and 20/8-hydroxysteroid dehydrogenases have been 
demonstrated histochemically in the granulosa and theca interna, and 
there appears to be no striking change in the distribution of these 
enzymes between the pre- and post-ovulatory follicles. The existence 
of these pathways points to progesterone, and possibly oestrogen, 
synthesis in this tissue. 


Introduction 

There are two problems of special interest in connection with the 
development of the follicle in the hen’s ovary. First, the mechanism 
of the rapid accumulation of yolk within the cytoplasm of the otami 
whereby the follicle is increased in size from 2 mm. to 40 mm. in dia- 
meter in a few days before ovulation. Second, the question of the 
secretion of ovarian hormones before and after ovulation. The electron 
microscope has made it possible to observe the fine structure of flic 
vrowinc follicle for evidence of adaptations to deal u-ith the special 
nhvsioloCT of the hen’s follicle and new histochemical techniques c.an 
now demonstrate the presence of the specific enzymes concerned 11 
relevant pathways of steroid metabolism to indicate which follicu ar cc 
arc equipped to produce oestrogen and progesterone. 
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Section of 13 inin. foUiclr showintj /ona radiaia ssitli processes of 
perivitelline substance. Six-cialisalion of the plastna nietubranr of 
the ovum may indicate a process of pinocytmis. 



Plate 4 







Plates 6 and 7 



Plate 6. Follicle, 24 hours, pre-ovulatory. Intense 3j8-hydroxysteroid 
dehydrogenase activity is seen in the theca interna and granulosa: note 
particularly the reactive processes of granulosa cells extending into the ovum. 
Pregnenolone. X 105 



Plate 8 



Follicle, early, u p-hydroxystcroid dehydrogenase 
activity is visible in the theca interna and 
granulosa. 1 1 ^-hydroxyprogcstcronc. X65 



Plates 9 and 10 
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Plate g 

Follicle, 72 hour post-ovulatory, i i/5-hydroxysteroid dehydrogenase activity 
in the theca interna and in a few adhering granulosa cells. 11 ^-hydroxy- 
progesterone. X 105 
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'Pwo adjacent early folhclrs. 20^•h\d^o^^->l^^c)ld tlrliMlro^rnair arii\i«\ 
in the theca interna. 20,?-hydroxvproi;riterone ■ <>', 
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Material and Methods 

Follicles were obtained from sexually mature laying Thornber 505 
hybrid hens of approximately 18 months of age. These hens ovulated 
once per day and it is possible, therefore, by measuring and counting 
the actively growing ova to determine the approximate pre-ovulatory 
age of individual follicles. The follicles studied measured 2 mm. (i.e. 
a follicle during the period of slow growth), 7 mm., 15 mm. (5 days 
before ovulation), and 35 mm. (mature follicle). 

The follicles were excised from anaesthetised hens and fixed in either 
I per cent buffered isotonic osmic acid (Zetterquist, i95^)j 5 

cent buffered glutaraldehyde, followed by osmic acid. In the larger 
follicles, because of a tendency for the granulosa layer to become 
detached from the underlying theca, fixative was first injected and 
thereafter large pieces were placed in fixative. Since the wall o t e 
larger follicles is very thin, this allowed adequate penetration 0 xative 
and permitted proper orientation prior to embedding. 

Tissues were dehydrated through ascending grades of met ano 
and embedded in araldite. Sections were cut on either an LKH or 
Porter-Blum microtome and picked up on an uncoated copper gri 
They were stained in methanolic solutions of either lead acetate or 
uranyl acetate for from 20 min. to 2 hr., rinsed in methano an ^ 
to dry at room temperature. The sections were screene in a 1 ip 

E.M. 200 at 60 kV. , * r 

For evidence of steroid production by the components of t 
follicles, histochemical methods, now established for the 
of the relevant enzymes, namely 3^-, 17^" an 20^ y 

steroid dehydrogenases, were used. Seven stages m t e 1 e eye 
the follicle, corresponding to the quiescent, the growing an po 

si frozen on carbon dioxide and — 
at 15 ^ in a cryostat maintained at -20»C. The secUons were attach d 
to slides by mLentary thawing and before mcubat.on 
room temperature and dried in air. A positive tesu s 
monoformazan or blue diformazan. Sections rom c .. . i. 

examined to demonstrate the presence of the "[X 

using the appropriate substrate; control sections were in jnrnba- 

samc time with propylene glycol but no steroid su s ra * j . 

tions lasted 30 mim Positive controls were not encountered m tins 

tissue. . 

(i) 3i3-Hydroxystcroid dehydrogenase (Wattenberg, 'ncu 

bated with the following steroids in solution in prop) I g > 

(a) 3^-Hydroxyprcgn-5-en-=o-one(Prcgnenolon^ 

(i) 3/9, lyz-Dihydroxyprcgn-s-cn-ao-one 

(c) 3^-Hydroxyandrost-5-cn-i7-onc (DHA) 



32 


G. M. WYBURN AND A. H. BAILLIE 


{d) Androst-5-ene-3j3, 17^-diol (Androstenediol) 

{e) 3jS-Sulphoxypregn-5-en-2o-one (Pregnenolone sulphate) 

( / ) 3i3-Sulphoxy- 1 7 a-hydroxypregn-5-en-2o-one ( 1 7a-hydro3cy- 

pregnenolone sulphate) 

(^) 3j3-Sulphoxyandrost-5-en-i7-one (DHA sulphate) cholesterol 
(A) 3jS-Acetoxy cholesterol (Cholesterol acetate) 

(1) 3/9-Acetoxypregn-5-en-2o-one (Pregnenolone acetate) 
ij) 3j8-Acetoxyandrost-5-en-i7-onc (DHA acetate) 

(2) ii^-Hydroxysteroid dehydrogenase (Baillie, Ferguson, Caiman 

and Hart, 1965). 1 1 ^-Hydroxyprogesterone and 1 1 /3-hydroxy- 

androstenedione dissolved in propylene glycol were employed as 
substrates. 

(3) 17^-Hydroxysteroid dehydrogenase (Pearson and Grose, 1959)* 
Oestradiol and testosterone were used as substrates dissolved in pro- 
pylene glycol. 

(4) 20p-Hydroxysteroid dehydrogenase (Baillie, Caiman, Ferguson 
and Hart, 1965). The substrate used was 20jS-hydroxyprogesteronc. 

Haematoxylin and eosin preparations of each follicle were routinely 
examined to confirm the naked eye estimate of its age. 


Results 

Electron Microscopic Observations 

It has been shown (Wyburn, Aitkcn and Johnston, 1965) that 
in a follicle at an early stage of growth (Plate 2), the ovum and 
granulosa cells have become separated by a layer of homogeneous 
substance, the pcrivitcllinc layer, probably secreted by the granulosa 
cells. At the junctional zone the cytoplasm of the ovum forms primary 
processes ^vhich in turn break up into secondary processes containing 
numerous membrane bounded vesicles. This is the zona radiata. 
Cytoplasmic extensions from the granulosa cells penetrate deeply into 
the zona radiata but remain separated from the ovum cytoplasm by 
specially modified plasma membranes. At a later stage (Plate 3) the 
perivitcllinc substance has increased and occupies the wide intercellular 
spaces now separating the granulosa cells and extends into the zona 
radiata between the cytoplasmic processes of the ovum. 

In an immediately pre-ovulatory follicle (Plate 4) the granulosa cells 
remain widely separated by intercellular spaces filled with the peri- 
\itcllinc substance. There is now no zona radiata which has become 
obliterated by the extension of the c>*loplasin of the o\aim to the Avail 
of the follicle. In the prc-ovatlatory follicle there is a single layer of 
granulosa cells separated from the theca interna by a thick basement 
membrane. In the theca interna there arc the so-c.allcd luteal cells 
characterised by their content of large mcmbranc-lx)imded granules. 

The granulosa cells have abundant Golgi substance, numerous 



FOWL FOLLICLE 


33 

active looking mitochondria and the cytoplasm is packed with both 
granular and smooth endoplasmic reticulum. There arc cytoplasmic 
processes extending from the apical surface of the granulosa cells into 
the perivitelline substance. Granulosa cells are still found in the wall 
of the follicle 72 hr. after ovulation but they now look quite different 
from those of the pre-ovulatory follicle and resemble rather the lutein 
cells of the mammalian corpus luteum. Their cytoplasm is filled by a 
network of spaces and large dense membrane-bounded lipid granules 
(Plate 5). 


Histochemical Results 

(i) 3j8-Hydroxysteroid dehydrogenase 


The free steroids 

After incubation with pregnenolone, 3^-hydroxysteroid dehydro- 
genase activity is readily demonstrable in all the follicular stages studied. 
The granulosa cells of the early follicle contain minute precipitates of 
blue diformazan and their cytoplasmic lipids colour pink due to 
monoformazan. Processes from the free margin granulosa cells (Plate 
6) extend quite long distances into the cytoplasm of the ovum and are 
rendered conspicuous by the abundance of their contained diforra^an. 
Mono- and diformazan deposits are also a prominent feature oft ^ 
theca interna cells. This reactivity docs not alter as ovulation 
approaches. Intense reactivity in the theca interna is visible m t c 
immediately post-ovulatory follicle and this activity is mar e y re 
duced in the ensuing 72 hr. The general ovarian stroma contained a 

few weakly reactive cells. ,. 

With lya-hydroxypregnenolone as substrate a ve^ poor iso 
chemical reaction was observed in the granulosa cells and t eca interna 


t all stages. • u t-hj a A 

The histochemical appearance following incubation with DHA ana 
ndrostenediol closely resembles that obtained wit pregneno o , 
itense s^-hydroxysteroid dehydrogenase activity being visible in me 
ells of the granulosa and theca interna, although the colour obtained 

dth androstenediol may in part come from the 1 7^-hy roxy gro p. 


The steroid sulphates o i, ? 

Using pregnenolone sulphate as substrate {Plate 7) 
steroid dehydrogenase was demonstrable in the granu ^a 
their intraovular processes and in the theca interna. 1 
developed more quickly than with the free steroid. ns a 

The reaction obtained with 1 7a-hydroxyprcgncno one ;n»cnsclv 

histochemical substrate developed as rapidly an ^'a ‘ niucli 

positive as that obtained svith pregnenolone ‘"J" ^,,„ei^cno. 

more heavily positive than the rcacthaly with 17a- . i_-j ' " 

lone. No age changes were seen with either of t icse su p 
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Using DHA sulphate a trace of mouoformazan was observed in 
some granulosa cells. This steroid, however, was not used to any 
extent by the granulosa or theca interna cells. ■ 

Steroid acetates 

Cholesterol acetate was not used histochemically in any of the 
follicles except the very early follicle. In the extremely early follicle 
minute diformazan deposits were seen in the granulosa cells and a few 
diformazan crystals were seen in the theca interna. All the later 
follicles are completely inactive with respect of this substrate. 

Using pregnenolone acetate and DHA acetate, 3^-hydroxysteroid 
dehydrogenase activity is visible in the granulosa and theca interna of 
all follicles studied. Mono- and diformazan deposits are readily seen 
after brief incubation and the reaction is uniformly strong up to and 
including the immediately post-ovulatory follicle. Reactivity seemed 
somewhat reduced in the two later post-ovulatory follicles. 

(2) I : ^-Hydroxysteroid dehydrogenase (Plate 8) 

Both 1 1 ^-hydroxyprogesterone and 1 1 j 3 -hydroxyandrostenedione 
were used by the granulosa and theca interna of all the follicles studied 
but monoformazan mainly was deposited and the reaction was con- 
siderably less well developed than the 3^-hydroxystcroid dehydrogenase 
activity. No changes were noted with age in the follicle. 

(3) 17^-Hydroxystcroid dehydrogenase (Plate 9) 

Incubation with ocstradiol or testosterone resulted in mono- and 
diformazan being deposited in the granulosa and theea interna of all 
follicles studied. As with the 1 1 fi~hydroxystcroid dehydrogenase the 
reaction was much sveaker than the 3^-hydroxysteroid dehydrogenase 
and did not change appreciably with age. 

(4) Qo^-Hydroxystcroid dehydrogenase (Plate lo) 

This enzyme was very poorly reactive in the theca interna and 
granulosa of all follicles studied. Monoformazan only w.a5 deposited. 

Disaissioa 

The electron microscope has revealed that the structure of the 
growing ovum is admirably adapted for the absorption of substances 
necessary for the rapid accumulation of yolk at this time. On the basis of 
such ohsers-ations it has been suggested (iVyburn, Aitkcn and Johnston, 
19G5) that the pcrivitclline substance is precursor yolk elements and is 
absorbed into the cylopl.asm of the ovum possibly by pinocylosis of the 
plasma membrane ot the cytoplasmic processes of the zona radiata in 
the early growing jshasc and later, when there is no zona radiata at the 
circumference of the ovum. 

The prc-ondatoiy granulosa cells have the characteristics of protein 
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forming cells with abundant Golgi material and endoplasmic reticulum 
and numerous mitochondria showing close packed cristae. The post- 
ovulatory granulosa cells are quite strikingly different from the pre- 
ovulatory cells with their aggregation of large dense granules and 
distended spaces from which probably the lipid has been extracted. 

Precise details of the pathways of biosynthesis of oestrogens are still 
not well defined in mammals and there is even less information avail- 
able with regard to avian metabolism. The accepted routes of steroid 
biosynthesis established by various groups of workers (Lipsett and 
Hokfelt, 1961; Mulrow, Cohn and Kuljian, 1962; Weliky and Engel, 
1962) are summarised in Fig. i. 

Cholesterol 


Pregnenolone >■ r 7a-hydroxypregncnolone 


Progesterone ^ 1 7a-hydroxyprogcsterone - 



Androstenedione 


Theoretically, s^-hydroxysteroid dehydrogenase acts at sites 1-4. 

Figure i 

The histochcmical results obtained with the free steroids suggest 
that the granulosa cells and theca interna cells of the fow arc capa c 
of carrying out conversions i, 3 and 4 readily, provide t a e 
appropriate isomerase (Kriiskemper, Forchielli and Rmgo , ig 4j 
Ewald, Werbin and Chaikoff, 1964) is present. It thus seems likely 
that progesterone is produced, though whether it is re ease or un 
goes lyoc-hydroxylation and subsequent conversion to oestrogens is not 
known. Androstenedione and testosterone are I' ° . 

the end products of conversions 3 and 4 and it is reasona e o 
that they are intermediates in the biosynthesis of oestrogens, ^ ^ . 

be pointed out that the present histochemical results S*''® ° 

concerning the other enzymes involved in these biosynt e ic p 
The relatively poor utilisation of • “ 

degree of enzyme-substrate specificity and resemb es 
the mouse tes 4 (Baillie and Griffiths, 1964) and in foetal human 
(Baillie, Niemi and Ikonen, 1965). . . , . , dc- 

3^-Hydroxysteroid dehydrogenase activity is “ i 

monstrable in the theca interna of the human lo’fie) and' 

Pcsonen and Timonen, 1961; Deane, Lobcl 

the rat ovary (Levy, Deane and Rubin, I959> “y L, jn the 

Deane. Ham^nlonTid Driks, .963) nnd the 

present avian material accord with the mammalian m i ^ 

ation regarding whether this enzyme is histoc cm . I . Dc.anc 

in the granulosa cells is less satisfactory. Lcv> f ^ • a » 
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et al. (1962) and Rubin et al. (1963) consider that 3^-hydroxysteroid 
dehydrogenase activity is histochemically demonstrable only in the 
granulosa cells of atretic follicles. Niemi and his co-workers (personal 
communieation) have noted 3^-hydroxysteroid dehydrogenase activity 
in the granulosa cells of apparently healthy human follicles and 
Ferguson (1965) in this laboratory has found histochemically demon- 
strable 3j3-hydroxysteroid dehydrogenase in the granulosa cells of 
normal rat, mare and human follicles. The present avian results 
support the views of Niemi and his co-workers cited above and those of 
Ferguson (1965), but the species difference must he borne in mind. 

The precise metabolic role of the steroid sulphates with respect to 
steroid hormone biosynthesis remains unknown. Several recent 
reports of direct steroid sulphate metabolism have recently been 
published. Of particular interest are the conversions: (i) pregnenolone 
’H sulphate-“*S to lya-hydroxypregnenolone-^H sulphate-“^S in vitro 
using hyperplastic adrenal homogenates (Calvin and Lieberman, 
'964)1 (2) pregnenolone sulphate-“S to DHA sulphate in vivo 
(Calvin, Vande Wiele and Lieberman, 1963); and (3) cholesterol-^H 
sulphate-®®S to the radioactive DHA sulphate in vivo (Roberts, Bandi, 
Calvin, Druckcr and Lieberman, 1964). In each instance, conversion 
occurred without cleavage in the ester group. 

The histochemical results obtained rvith 3|8-sulphoxy derivatives of 
pregnenolone, lya-hydroxypregncnolone and DHA arc different from 
those obtained with the free steroids. Of particular interest is the poor 
histochemical reaction observed using DHA sulphate which contrasts 
markedly with the rapid deposition of formazan obtained with the free 
steroids. On the basis of similar findings in the Leydig cells of the mouse 
testis (Baillic and Griffiths, 1965) and foetal human testis (Baillic, 
Niemi and ikonen, 1965) it has been suggested that the presence of a 
3P-sulphoxy group on the steroid molecule might affect the ability of 
the substrate to bind witli the gfS-hydroxystcroid dehydrogenase. This 
might explain the enhanced utilisation of i ya-hydroxypregnenolonc 
sulphate and the poor utilisation of DHA sulphate. Solubility factors 
and membrane perme.ability effects, however, cannot be excluded in 
this histochemical system. 

Pregnenolone acetate and DHA acetate have been shotm to be 
satisfactory substrates in this histochemical reaction in the human 
adrenal and plaeenta (Baillic, Cameron, Griffitlis and Hart, 1965) 
and their ready utilisation by this tissue was not unexpected. The 
biological significance of these steroids, if any, is at present unclear. 
Of especial interest is the utilis.ation of cholesterol acetate by the theca 
interna and granulosa of the youngest follicle studied and the failure of 
older follicles to use this substrate. This changing utilisation of choles- 
terol acetate with the age of the endocrine tissue closely resembles 
Hart*s (unpublished obsersntions) finding in the developing human 
placenta and fiirlher work is required to clarify its me.aning. 
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The ability of the theca interna and granulosa to convert cortisol to 
cortisone implied by the presence of i i/ 3 -hydroxysteroid dehydrogenase, 
accords with the distribution of this enzyme in the rodent ovary (Baiilie 
et al.^ i965fl:) and is ofinterest. The significance of the presence of 17^- 
and 20j5-hydroxysteroid dehydrogenases is less clear but the existence 
of four steroid dehydrogenases in the theca interna and granulosa points 
unmistakably to a steroid biosynthetic function for these tissues. 

It might seem to be overrating the functional capacity of granulosa 
cells to suggest they are responsible for the secretion of the ovarian 
hormones. What has been demonstrated histochemically, however, is 
that they are equipped with the enzymes necessary to produce^ the 
hormones and not that they are in faet producing them at any one time. 

In the fowl the ovarian hormones arc probably mainly concerned 
with the activity of the different segments of the oviduct and may well 
be produced in the pre-ovulatory phase by the so-called luteal cells o 
the theca interna. The granules of the post-ovulatory granulosa ce s 
certainly represent some form of secretion — most probably oestrogen 
and/or progesterone, correlating in time with the passage of the ovum 
down the oviduct. 
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BEHAVIOUR OF SPERMATOZOA IN THE 
OVIDUCT IN RELATION TO FERTILITY 

F. W. Lorenz 

Department of Animal Physiology, University of California, Dams, U.S.A. 

Synopsis 

Special requirements for fecundity in birds, imposed by the sequential 
nature of ovulation, are met by the presence of sperm-storage g an s 
the oviduct, in which the functional capacity of spermatozoa is pro- 
longed, and from which spermatozoa are released, a ew a a ime y 
unknown mechanism, in synchrony with ovulation. 

Sperm-storage glands are present in the ' '"f^^"d.bulum and 
in the uterovaginal junction; the latter are proba y ct„raffe of 
of sperm storage after copulation or intravagma , ,i,rou!rh 

spermatozoa in infundibular glands may be accomp i „ 
depositing semen anterior to the uterovaginal junc 
by such spermatozoa results in an abnormally large number of early 

embryonic deaths. 

Introduction 

The sequential nature of ovulation in birds 
requirements on the reproductive in the 

by a set of mechanisms for prolonging the li e o sp < successive 
oviduct and protecting them ^se mcclmnisms 

descending eggs. The paramount project on them 

for fecundity in domestic species has led to a The pro- 

« Davis. Some interim results arc the subjea pape^Tlw p 

jeet has been a collaborative effort by Dr . • 

author; most of the experimental results described 
two graduate students, noiv Drs L. fV. Bobr and H. P. ^ an Kre> . 

Results and Discussion 

In both natural mating and aef'da'a* 
zoa arc ordinarily deposited in the mid-\.agin. . •„,„miurnl organ, 
everts the distal vagina and the cock. l\avmg no ■ntrom.ucn^_. | 
deposits the semen on the exposed portion. . ||,„iird lo 

intromittent organ (e.g. a syringe), penetration u 
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the sigmoid loop of the vagina. From thence spermatozoa reach the 
uterovaginal junction, probably by their own motility, and from this 
point some are carried rapidly and passively the length of the oviduct, 
but apparently very few actually reach the site of fertilisation in the 
infundibulum. At least, very few are ordinarily found there. All 
spermatozoa disappear from the oviduct lumen, usually within 24 
hr. of being deposited, although eggs continue to be fertilised for 
2 weeks or more without remating or further A.I., so that a residence 
site other than the oviduct lumen must exist for spermatozoa. 

Van Drimmelen (1946) believed he had found this residence site 
in the so-called *‘sperm nests”, which are tubular glands in the caudal 
infundibulum. He found large numbers of spermatozoa in these 
glands, in a single hen 8 days after intraperitoneal A.I., and occa- 
sional spermatozoa in others after natural mating. Since we rarely 
found any spermatozoa in these glands we concluded that another 
residence site must exist for spermatozoa in the oviduct. Dr P. E. 
Lake called our attention to spermatozoa in glands of similar appear- 
ance in the uterovaginal region. Bobr (1962) and Bobr, Lorenz and 
Ogasawara (1964) investigated these glands and concluded that they 
are the normal residence site of spermatozoa after natural mating or 
intravaginal A.L Immediately after such introduction a large number 
of spermatozoa enter the uterovaginal glands, and at least some sper- 
matozoa can be found in these glands until the end of the fertile period. 
The infundibular glands, in contrast, are entered by spermatozoa 
under these circumstances only rarely and only in small numbers. 

The question immediately arises, how can spermatozoa in utero- 
vaginal glands serve to fertilise eggs? Bobr, Ogasawara and Lorenz 
(1964) discovered that small numbers of normal-appearing spermatozoa 
could be found free in the oviduct lumen immediately before or imme- 
diately after ovulation. If the examination of the bird was delayed until 
2 or 3 hr. after ovulation, however, spermatozoa in the lumen were 
very few in number and showed evidence of degeneration. It appears 
that a few spermatozoa are released from the uterovaginal glands at 
about the time of ovulation, and ascend rapidly to the fertilisation site 
in the infundibulum. Those that do not reach the ovum have a very 
short remaining life-span in the oviduct lumen. 

Tlic mechanism of release is still unknown. Van Krey (1964) and 
Van Krcy, Ogasawara and Lorenz (1964) investigated this problem 
and ruled out a number of possible mechanisms. Spermatozoa arc 
always pointed towards the blind ends of the glands, so it seems unlikely 
that they could swim out. No muscular tissue or myocpitliclial cells 
have been identified, so it appears unlikely that spermatozoa could be 
cxtnidcd by glandular contraction, Grigg (1956) postulated that the 
stretching effect of the passing yolk causes release of spermatozoa from 
infundibular glands; however, the oviduct he examined ^\'as only 
3 hr. posl-A.I., and spermatozoa should have still been free in 
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the lumen. Studies at Davis have suggested that such distension of the 
infundibulum dislodges spermatozoa only from superficial folds, and 
Dr Van Krey was unable to identify released spermatozoa m the 
uterovaginal region following simulated oviposition. He did find them 
after hormonally induced oviposition, but in smaller numbers than 
after normal oviposition, and hormones failed to release spermatozoa 
unless ovulation or oviposition was actually induced. He concluded 
that sperm release is a result of a complex of stimuli associated with the 
entire oviposition-ovulation sequence. The release mechamsm itsell 
is still unknown. The possibility remains that spermatozoa may be 
flushed out by secretion, but, although secretory material has been 
observed in these glands, no secretion pattern has been associated with 

events of the reproductive cycle. , , , • 1 

The biological significance of the infundibular g ands reniains less 
well understood than that of the uterovaginal glands. Althoug 
spermatozoado not enter them in significant numbers during the norma 
reproductive process, following special techmques (see be ow) they may 
harbour large numbers, and spermatozoa m infundibular ^ 

released in association with the ovulation cycle much like spermatozoa 
in the uterovaginal glands (Bobr, Ogasawara and Lorenz, '964)- I" 
order to compare the sperm-storage and spcrm-nurturing capacities 
of the two sets of glands, it was necessary to 
resulting from spermatozoa stored in one set or the other, 
be done only by filling one set while leaving the other empty. 

Mid-vaginal A.I. was employed to fill the 
leaving theLfundibular glands nearly or entirely empty, and additional 
hens were subjected to intrauterine A.I. to fill both sets of glan ( , 

1962; Bobr, Lorenz and Ogasawara, 1964). Use or 

ination was a technique recently developed in Davis 
Lorenz, Ogasawara and Krzanowska, 1965) whereby P™'°^d but 
gentle pressure exaggerates the eversion o t c 
vaginal junction is exposed and may even be 

uterus can thus be penetrated without ma and mterferenec^^wth 

egg production described by Allen and Bobr (1955). I„|,nrUwere 

tLoa in the infundibular glands but not ^nds 

at first, more difficult to prepare. Bobr (.96= had d“cnbcd .a smgk 
hen in that condition following intrapcritoneal A.I., but 
this technique has given results too uncertain and .'=■'7“,^ . 

tal use. Several attempts to destroy the uterovaginal K'a"* ' > J 
or electrocauteo- were unsuccessful. Hoiveyer, Van ( ' 9 ^ 

V.an Krev el a! (loGi) made the import.ant discovery that spcrnintozoa 
the midmagnum via laparotomy “^duc. punc ur 
travelled anteriorly only, engorging the ‘"rand^a a K an 's^^y h 
tremendous numbers while the uterovaginal glands remained enii , 
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temporarily, but not enough to interfere seriously with determination 
of the resulting fertility pattern. This pattern was strikingly and 
unexpectedly altered. On the one hand, the average fertility span was 
prolonged significantly, to nearly 19 days, compared to only 13 days 
by intravaginal or intrauterine A.I.; and, on the other hand, the initial 
fertility as determined by examination of blastodiscs incubated 24 hr. 
was significantly reduced, to less than 48 per cent during the first week, 
compared to 89-92 per cent by other techniques. This result not 
only was unexpected but was completely new; simultaneous lowering 
of the fertility level and prolongation of the fertility period has not been 
observed previously. 

Such an abnormal fertility pattern, and particularly the low initial 
fertility, suggested the possibility of an abnormally high incidence of 
pre-oviposital embryonic mortality, and, indeed, this proved to be the 
case. In a follow-up experiment in which eggs were broken without 
incubation and apparently infertile or doubtful eggs were subjected to 
the Kosin test (Kosin, 1944), the first and second week fertility 
estimates were increased strikingly, respectively to 75 and 87 per cent, 
but the first-week fertility was still below that with other methods of 
A.I. Consequently, in the next experiment, apparently infertile 
blastodiscs were sectioned and stained for microscopic examination; 
considerable numbers proved to have undergone cellular division, but 
had died too early to be detectable by the Kosin test. Four of five birds 
so checked were too per cent fertile during the first 10 days, yet only 
20 to 75 per cent of the fertile eggs were detectable by gross visual 
examination of unincubated blastodiscs. The fifth hen had 33 per cent 
apparent fertility and twice as many truly fertile eggs. In a more 
complete experiment, the very early embryonic death was shown to 
occur more frequently in eggs laid during the first week after intra- 
magnal A.I. than during the second. Thus, the embryonic mortality 
pattern is also paradoxical; in all previous observations, more embryos 
died, and died younger, as the post-insemination period increased. 

The paradoxical fertility and embryonic mortality patterns after 
intramagnal A.I. doubtless have biological explanation but discussion 
of their natures must at present be speculative. The prolonged fertility 
might be evidence of superiority of the infundibular glands, but with 
the semen doses used the gl.ands were engorged with tremendous 
numbers of spermatozoa, so that the prolongation of fertility may have 
been simply due to the presence of such large numbers. Such large 
numbers close to the site of fertilisation may also have been responsible 
for the excessive embryonic mortality; at least the possibility must be 
considered that polyspermy, resulting in abnormal embryos, may be 
responsible for at least some of the embryonic dcatlrs. If so, the 
normal function of infundibular glands may be to remove excess 
spermatozoa from the site of fertilisation and reduce the probability 
ofpolj-spcrmy. 
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An alternate hypothesis might be that the functional normality of 
spermatozoa is less well maintained in infundibular structures than in 
uterovaginal glands, especially, perhaps, in the numerous crypts and 
folds that become as engorged with spermatozoa as the actual glands 
after intramagnal A.I. 

A third alternative is that a sperm-selective mechanism may be 
operative in uterovaginal but not in infundibular structures, Allen 
and Bobr (1955) reported, for example, that spermatozoa handicapped 
by admixture with glycerol fail to fertilise after being deposited in the 
vagina, but produce some fertility (with unknown embryonic conse- 
quences) if deposited in the uterus. An investigation, just completed 
(Ogasawara, Lorenz and Bobr, 1965), of the fertilising capacity of 
semen from cocks of very loiv fecundity also bears on this question. 
When inseminated intravaginaliy this semen fertilised very few eggs, 
but nearly all of these few hatched. When insemination was into the 
uterus, fertility was considerably increased, but nearly all of the in- 
crease was accounted for by prc-oviposital dead embryos. 
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THE ORIGIN AND COMPOSITION 
OF FOWL SEMEN 

P. E. Lake and M. H. El Jack 

Agricultural Research Council^ Poultry Research Centre, 

King^s Buildings, West Mains Road, Edinburgh, g 

Synopsis 

The sources of seminal plasma in the reproductive tract of the fowl. 
Callus domesticus, have been discussed and the ionic composition of the 
fluid of the vas deferens has been established. This knowledge is 
useful in determining how the osmotic pressure and the/H conditions 
are produced prior to ejaculation. As the spermatozoa survive in the 
vas deferens for a much longer time than can at present be achieved 
in vitro it is considered that this fluid is a favourable physiological 
medium for the survival of the spermatozoa, hence the knowledge of its 
composition could serve as a basis for future studies on the development 
of semen diluents. 

The transient appearance of fragments of spermatid cytoplasm in 
the structure of the spermatozoon is described and discussed. 

Inlroduction 

Notwithstanding the variation between mammalian species, there 
are obvious differences between the fowl and mammal in the general 
anatomy and physiology of reproductive organs and reproductive 
functions. Unlike the mammal, the male domestic fowl, Callus 
domesticus, does not possess accessory reproductive organs, e.g. seminal 
vesicles, prostate gland, Cowper’s glands or glands of Littre; the epi- 
didymis is extremely short; the testes arc internal, are of soft consistency 
and produce spermatozoa at a high body temperature (40®G.)j within 
the body of the male the spermatozoa are stored in the extensive vasa 
deferentia; there is no perns, but several erectile structures (white 
body, round folds, lymph folds) arc present in the mid-ventral and 
latero-vcntral parts of the proctodacum of the cloaca. 

Much information is available on the chemical composition of 
mammalian semen, and on the significance of most of its constituents 
in the functioning of the spermatozoon and reproductive tract (Mann, 
1964). The composition of fowl semen differs from that of the 

4 « 
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mammal in several respects, due partly to the absence of the common 
accessory reproductive organs found in the mammal and thus of their 
typical chemical secretions. The spermatozoa of the fowl mature 
and survive in the vas deferens for a much longer penod than they can 
at present be stored in vitro. For several years investigations have been 
made on the nature of this environment in which '*7 

prior to and immediately after ejaculation. A ^vkle tseful 

Ll composition of the fluid of the vas deferens could ^ 

information not only on the basic ionic “Vessel 

the survival of spermatozoa, but also on possible '"'^^^^^nrduedve 
associated with the functions of the spermatozoa the reprod 
tract Metabolic substrates, intermediary metabolites and end 
products of metabolism will all be included in the ^ foTheTeta- 

of information is available in the literature appertaining o ^ " 
holism of several types of normal and abnormal cells ° ^ 

of body organs in both mammals and birds. w function of 

how much of Ajs until more^Xmation is available 

ruTthTcom position and th^t of thdr 

it is impossible to assess how far we are justified in 

on general cell tirnormaLr abnormal functions 

of semen, or to explain fully any of t considering the 

of the spermatozoa ^ the vas deferens, due regard must 

chemical composition of the Hum oi i renroductive 

be paid to the evolutionary histoiy of the jts 

systems, and the possibility that the vas may still retain some 

vestigial functions as an excretory organ. 


Sources of seminal constituents in the reproductive tract 
A drawing of the «isSfto";rrd^^^^^^ 

hence the possibility of the 7?'^° j-'^e s^cn of the fowl remains to be 
significantly to the composition ol tn 

investigated. . . , . ^^sa efferentia and 

The system of tubules comprising , . hilum of the testis, 

epididymis form a small, elongate mass , region The cpididy- 

T^is re^on is often referred to as ‘^e epid.dymal .gion^^^^^^ P 

mis, unlike that of the mammal, ry other fluid constituents 

collecting tube from which *^.®P,‘^7i'rmrthc largest part of the tubular 
enter into the vas deferens, tvtach P j,,erc is evidence 

reproductive tract of the male P°" ’ .ic^ivity by the lining cpi- 

of much holocrine and , .n/vu)- thus fragments of cells 

thelium of the entire duct ^ colls me slicd into the seminal 

as well as sccrctoiy' products of 
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plasma. The spermatozoa are stored in the vas deferens,^ a function 
which in mammals is subserved by the extensive epididymis, and thus 
the possibility of a continuous exchange of chemical constituents 
between spermatozoa, fluid environment and epithelial cells must be 
considered when assessing the composition of the fluid of the vas 
deferens from the results of biochemical analyses. 



Fio. 1, Drawing of the reproductive tract and cloaca of the male 
fowl, Callus domtslicus. Right side in situ and dorsal part of cloaca 
removed. 

A: adrenal gland. T: testis. EP: epididymal region. U: 
lower portion of the ureter. UOt opening of ureter into 
cloaca. R: rectum. C; coprodacum. VD: vas deferens. 

SVDi sac-like ending of vas delercns. ED: ejaculatory duct 
projecting into cloaca. XT: fold of vascular tissue forming 
border of urodaeum and proctodaeum. UD: urodacum. 

VB: internal vascular body (Gcfassrcichcr Korper). PIA: 
internal pudendal artery. L: erectile structures in the proc- 
lodaeum, i.c. lymph fold. RB: round fold. W: white body. 

There is a dilated, sac-Hke, distal portion of the vas deferens, but 
there is no evidence to suggest that it is analagous to the secretory 
ampulla of mammals. 

In the mid antcro-vcntral part of the proctodaeum of the cloaca is 
situated a structure called the white body which is flanked by round folds; 
slightly posterior to the round folds, on cither side, arc the lymph folds. 
These structures together with a fold of vascular tissue surrounding the 
fore part of the urodacum erect during copulation. TIic mechanism 
of erection has been studied by Nishiyama (1955) and Nishiyama and 
Ogawa (1961 )• (19570) agreed with their obscr\’ations except 

that the inflow of blood to some of the tissues was also considered to 
contribute to the processes of erection. In fact, whole blood can some- 
times be squeezed tlirough some of the epithelial surfaces during the 
artificial collection of semen. Slightly postcro-dorsal to the lymph folds, 
and protruding into the urodacum, arc the cjacuIator\’ ducts which arc 
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the external extensions of the vasa deferentia. During copulation 
these become engorged with the contents of the yasa deferentia that arc 
ultimately vigorously ejected into the hen s vagina. 

The whole semen of mammals is defined as the spermatozoa an 
fluids that are ejected from the penis. Some fluid is derived from the vas 
deferens, but the bulk of it is produced by the various accessory repro- 
ductive organs that either open into the anterior urethral portion of the 
penis (seminal vesicles, prostate and Cowper s glands) or are 

scattered along the penile urethra (glands of Littre). e . ., 

fowl semen is not clear. A transparent fluid in some ™ 

in chemical composition to a dialysate of b ood 

1957), is easily expressed through the epithe lal surface o the emcted 
lymph folds during the artificial collection of semen. Also a maUer 
4lum; of fluid of similar composition is obtained from the ^^ctile oW 
of vascular tissue which is at the boundary of the 

daeum. These fluids clot in the same way as blood plasma and they are 
inimical to the survival of spermatozoa (Nishiyama 

Lake 1956). Whether or not *®yj7LakVT9 7S They are so" 
reproductive fluids remains in^doubt (La , 957 1^.^. 

regarded by Nishiyama and Fujishima (19 i) o Hurine natural 

a plastic coLctor L strapped over 

copulation some transparent of transparent fluid in 

(i957i) could find no evidence of *6 Ln and suggested that the true 
the vagina of hens after natural copulatio SS . . ducts, 

semen of the fowl was that material ejecte ro deferens. 

i.e. spermatozoa together with fluid ^finhtL of fowl 

Further studies arc required before an un q < be 

semen and the significance of the cloaca g an obtained during 

established. The amount of transparent g 

the artificial collection °f 7™^" J7es In some breeds of the 

males, and in the same males at diflc transparent fluid is 

domestic fowl and in certain species of "O 7"/ 

obtained at ejaculation with the contents of the vas defer 


ComposUion of, he fluid of, he oas deferens and ,he 
The ionic composition of the fluid 

indication of the principal ions o,,, their fundamrnl.il 

medium in which spermatozoa arc able to cariy o 

metabolic processes. seminal plasma (vas 

A comparative analysis of reshly 0° P„ has 

dercrens fluid) and the blood plasma o fioGi). Tlicir rrsuhs, 

recently been published by Lake am . !> 5 „„,ni:ir- 

together with other analyses on ma ..fihe respeclise fluids was 

ised in Table i. The carbon dioxide con in r„]|oisinc inamiri. 

-■siimaled will, a Heckman gas chromatograph m -h. 
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Blood or semen (less transparent fluid) was collected under liquid 
paraffin in the cold and immediately centrifuged (2,000 g; 20 mm.) 
at 4°C. The seminal fluid or blood plasma was introduced into the 
chromatograph, taking the usual precautions to avoid loss of COj to 
the atmosphere. CO„ was released and estimated; a calibration of the 
instrument had been performed previously, using standard sodium 
carbonate solutions. An examination of Table i shows that although 
the totals of cations are equal in the respective fluids, the calcium 

TABLE I 

Average content {mEqlioo ml.) of the 
principal ions in the blood and seminal 
plasmas of the domestic cock 


Ion Blood Semen 


Ga++ 

0-6 -s 


0-2 -s 


0*2 1 


0-5 \ 

Na+ 

170 

y I S*4 

i6'j 1 

K+ 

0-6 ^ 


1-3 ^ 

Cl- 

12*1 


37 'I 

HPOr* 

0*4 

[ 

0-2 

HCOj- 

2-6 

1 

20 

Pyruvatc 

0-04 ' 

1 

0 03 ^ 

Lactate 

0*54 

r*5*7 

0-4 

a-oxo-glutaratc 

0*01 

1 

0*14 

Glutamate 

0-02 

1 

73 

Creatine 

— • 


0-7 


concentration is lower, and that of magnesium and potassium higher, 
in the seminal fluid. A most interesting fact about the composition of 
the seminal fluid is that the glutamate ion assumes the role of chloride 
in blood plasma as the principal anion. Another interesting feature is 
the presence of a relatively high quantity of 2-oxo-glutaratc which is 
possibly associated with the high glutamic acid concentration. There 
is a small anionic deficit of both fluids. The amount of protein is low 
in the seminal fluid (o O per cent) compared to blood plasma (5 per 
cent), and if the quality of the proteins were similar to that of human 
blood plasma, only another 0-3 and 1-8 mEq of cations per too ml. 
respectively could possibly be neutralised by anionic groups of proteins. 
In spite of the anionic deficit for seminal fluid the total content of all 
ions (32-02 m-mo!cs per too ml.) corresponds to the freezing point 
depression, A-o-593°C., which has been measured (Lake and El Jack, 
igG.j). Thus the major seminal constituents have been accounted 
for in the analyses. Some of the anionic deficit may be more 
apparent than real, because it is possible that some of the 
magnesium and potassium (cxitions) are derived from the breakdosvn 
of spermatozoa in the vas deferens. This problem is being 

investigated. 




Fig. I. Late spermatid stage taken from 
the seminiferous tubule. The cytoplasm has 
not yet been shed and the mitochondria 
have not formed on the middle piece. Acro- 
some, A; filament core of middlepiece, 
filaments already covered by tail sheath, T; 
head of sperm still enclosed by spermatid 
cytoplasm, H. 
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The structure of Jowl spermatozoa on release from the testis and in the 
proximal ducts of the reproductive tract 
The mammalian spermatozoon possesses a kinoplasmic 
its midpiece whilst it is in the epididymis. This structure is a 
of the head when the spermatozoon is shed from t e semim ® 
tubule and it migrates caudally along the midpiece as t e sperma ° 
moves to the tail of the epididymis. Normally it is shed m e 

ferens. The migration of the Aino/ite»iir i/ro/'/rt is said to ® 

with a “ripening” process which occurs in mammalian sperm 
Some authors regard it as a remnant of spermatid cytop . 

believe that it specifically nourishes the spermatozoon 
passage down the epididymis (Mann, 1964); exact sign 
still a moot point. ^ „ p prentlv 

A droplet has never been reported in avian sperma ozo . 
in an electron microscopical examination of whole , male it 

tozoa taken from various regions of the reproductive trac 

was observed that free spermatozoa taken from adhering to 

possessed variable-sized fragments of spermatid ny op sperma- 

the caudal end of the head. These were ba«ly Ac 

tozoa were taken from the vasa efferentia-epi 1 y -.cent to say 
tract (Plate 11, Figs, i, a, 3, 4)- It lo kinoplasmic 

whether this cytoplasmic fragment is analog then its 

droplet of mammals. If it were associated wi spermatozoon 

transient appearance in the bird might indicate 

of the bird matures very rapidly and, as a resu storing fowl 

contributing factors to the difficulties encountered m 
semen in vitro. This possibility has yet to be inves ig 

Discussion mammals 

It is often said that the seminal plasma ‘’I rrmn spermatozoa 

is an unfavourable medium for the prolonge ■ j plasma in these 
in vitro. An examination of the composition o ® significantly to 

cases M ould not therefore be expected , of spermatozoa, 

ffic development of synthetic media for surviva _mduccd when the 
On the other hand, the harmful conditions Haag (>959) 

accessory secretions arc added at the time o „ High content 

described an adverse cfTect on stallion sp options. Ro^.m (*9^^ ^ 
sulpbycIr^-1 compounds in tlic accessory from certain 

showed that the fertilising capacity ot spe 
‘^fertile human donors could be restored i 
their own seminal plasma and rcsuspcndcc m 
hoin proven fertile donors. ^.enr\- reproihicli''^ K 

Components of the secretions of the acc ' \^hich 

believed to have a stimulating action on spe 
t''nd to shorten their viability in ri'/ro (Hut^K* 
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with the fowl have been designed to find out the ionic composition 
of the fluid in the vas deferens which determines the osmotic conditions 
and pH in which spermatozoa can retain their integrity. In the vas 
deferens the spermatozoa survive for much longer periods than can at 
present be achieved when stored in vitro. The fluid of the vas deferens 
is considered to be the seminal plasma of the fowl, until it can be shown 
that other fluids also enter the vagina at copulation. 

Although the fluid of the vas deferens is a favourable physiological 
medium for spermatozoa it is not considered likely that each of its 
components is intimately concerned with metabolic functions of the 
spermatozoa themselves. It is quite clear that seminal plasma is not 
only a secretory product of intact cells but contains also fragments of 
cells from the lining epithclia of the reproductive tract. It is conceiv- 
able that the whole or part of the large amount of acid phosphatase 
present in the semen of the fowl originates from cell fragmentation 
(Bell and Lake, 1962; Lake 1962). It has been reported that much 
uric acid and urea is present in fowl seminal plasma (Klymiukowna, 
Olbrychtowa and Pytasz, i960), and if these observations exclude the 
possibility of urinary contamination during semen collection, the role 
of the vas deferens as an excretory channel must be considered. 

With a knowledge of the composition of the fluid of the vas deferens, 
which indicates the environment to which spermatozoa are conditioned, 
together with a similar study of the oviducal environment, in which 
spermatozoa again survive for prolonged periods, it might be possible to 
determine the optimal proper conditions for the functioning of sperma- 
tozoa. This information \vould be useful in investigations of infertility 
as well as for the development of synthetic diluents for the storage of 
spermatozoa in vitro. Finally, it must be pointed out that diluents, 
to be effective, must also be of such a nature that they do not disturb 
the environment in the oviduct where the spermatozoa are deposited, 
as otherwise their storage in the female would be impaired. This is an 
interesting problem for future investigation. 
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FERTILITY IN THE MALE IN RELATION TO 
NATURAL AND ARTIFICIAL INSEMINATION 

M. Perek 

The Hebrew University, Department of Poultry Science and 
Animal Hygiene, Rehovot, Israel 

Synopsis 

Fertility problems in the male fowl associated with natural and 
artificial insemination are reviewed. The evaluation of the semen 
from individual cocks followed by the elimination of sterile birds and 
those with semen of poor quality has proved to be a practical way of 
improving fertility in artificially inseminated flocks. Two experiments 
using, respectively, 32 cocks and 120 cocks, showed a significant 
positive correlation between sperm motility and the percentage of 
fertile eggs (significant at the i per cent level in the first experiment 
and at the 5 per cent level in the second). Parallel experiments with 
flocks under natural mating conditions have shown that hens mated 
with cocks of high semen quality raised the percentage of fertile eggs by 
5 per cent on the average, against the flocks of unselected cocks with 
average quality semen. 

The relationship between thyroid activity on spermatogenesis has 
been discussed. Experiments on the effect of supplementation of iodin- 
ated casein of ascorbic acid to the diet, have shown a most significant 
effect of the diet supplemented with 200 ppm of ascorbic acid, by in- 
creasing the semen quantity and total spermatozoa per ejaculate. 
Addition of tliyroprotcin to 100 ppm ascorbic acid also seemed to 
increase the production of spermatozoa. Treatment with iodinated 
casein alone had a beneficial effect, mainly on the non-ccllular fraction 
of the semen. 

Introduction 

The economic importance of the individual male’s fertility is much 
greater than that of the hen, because Uie male has the responsibility of 
fertilising a large number of eggs. The fertility of the cock is dependent 
upon many factors, some of which arc already understood, while 
others arc still obscure. There arc some fertility problems in the male 
fowl ^s•hich arc associated with natural insemination, ^vhilc others result 
from the practice of artificial insemination. In natural mating, the 
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fertilisation of the flock is closely related to the vigour of libido which 
is itself controlled by hormonal and psychological factors as well as the 
social rank of the individual. 

Many workers claim to have observed a significant correlation 
between libido and the fertility of the male (Wood-Gush and Alsborne, 
1956; Craig, Cosida and Chapman, 1954). Others deny tlm existenec 
of any such correlation (Kumaran and Turner, 1949; McDaniel and 
Craig, 1959). Ryan (1959) examined the sperm of some socially 
depressed males showing little sign of libido and found them to have a 

.he e.e of ('f 

testosterone) in order to improve the fertility o p FrW<:tpin 

however, at variance with our histological findings (^Perek, Eckstei 
and Sobel, 1957)- It was noted that, in cockere s, the b^ta ^ 
trophic ceils of the anterior lobe of the hypophysis d'^appeared 
ficantly after testosterone treatment being replaced by chromophobic 

^'^'^iXaSs iffltk management, such as an -e.ive number of 
males, unsuitable feeding troughs-or an madequa e “PP‘>, ^ 

-as ;ell as heavy feathering around the vent are factors Much might 
impair insemination and thus influence the fer 1 ising p 

male in natural matings. . . . are 

Problems of a different nature wh ch 
associated with the practice of artificial inscmina 1 . except 

insemination of hens is not widely used on comme , , / jgj.ael 

in Israel. About 40 per cent of all 

are collected from artificially inseminated oc s. justified for the 
of the labour involved this method appears to be justified 

following reasons: . .^^i, 

I. It permits the more efficient use f °^ 7 ;;;t®:'r:;l'narurai 
i.c. one male for an average of 40 females, ms e 

""‘rin general it ensures a higher fertilisation rate as reported by 
Cooper (1955) and by Lu^'fberg and DoeM ^(^95 h ^ 

3. It facilitates both the yepmg system available for 

production in breeding flocks and is the only system 

obtaining hatching eggs from a battery- 'cpt oc - ■ t 

On the other hand, there are limitations to the use of artificial 

insemination: . ,,.r c 

I. Milking of the semp ^nrcarc'm^usTbc taken to avoi 

clean and sterilised vessels is essential, . ‘ the semen fror 


of 

■oid 


Clean ana sicniisca vessels is c— , ..^pressing the semen from 
faecal contamination of the sample. Itacmorrhage from 

the males’ papillae, care must be take J,i,lv impair the fertility 

rtiptured blood capillaries, as this can eons.derabb impair 

of the sample (Lake, 1957)* 
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2. A suitable medium for dilution of the semen is not yet available, 
thus requiring the use of undiluted semen. 

3. A sharp decrease in the fertility of the eggs has been observed after 
repeated insemination over a period of 3-6 months; the fertility of the 
eggs is sometimes decreased by as much as 50 per cent, and even lower 
figures have been noted. The cause of this decrease is as yet unknown 
and experiments should be undertaken to determine to what extent 
the male and female arc individually implicated. 


Experimental 

The measure of fertility, whether from natural mating or artificial 
insemination, is related to the general health of the males, the number 
of daylight hours, environmental temperature, the season of the year, 
to nutrition and to the qualitative and quantitative characteristics of 
the semen sample of each individual animal. The examination of 
semen from individual cocks with respect to its volume and quality, 
followed by the elimination of sterile birds and those with semen of 
poor quality, has proved to be a practical way of improving fertility 
in artificially inseminated flocks, and the same may hold true for flocks 
under conditions of natural mating. 

Three controlled experiments have so far been carried out by 
members of our research staff (Snapir, Perek and Ackert, unpublished) . 

Experiment i (Javneh) 

On one of the breeding farms, semen samples of 32 White Cornish 
cocks were examined for motility and sperm concentration and the 
samples were graded accordingly. The semen of each cock was used 
to i^eminate 10-12 hens (White Plymouth Rocks). The percentage 
fertility of each batch of eggs was determined following incubation. A 
significant positive correlation was found between the gradings for 
motility of the sperm samples in vitro and the percentage of fertile eggs. 
It w^ shown that the correlation between sperm motility and the 
fertility of the hatching eggs was highly significant, as demonstrated by 
the results summarised in Table 1, 

In order to exclude the “hen factor*’ from this experiment, in- 
semination was suspended for more than 3 weeks, and the semen of the 
new cocks was again examined and distributed between the groups of 
hens. The latter experiment fully confirmed the highly significant 
correlation bct^vccn sperm evaluation and the percentage fertility of 
the hatching eggs. 

Experiment 2 (Massuot) 

The purpose of this experiment was to repeat the experiments using 
a larger group {120) of cocks. This experiment confirmed the results 
obtained in the first experiment and showed positive correlation between 
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sperm quality and fertility (significant at the 5 per cent level), during 
the course of these experiments, many farmers were trained to ex 
amine and evaluate semen samples and now apply their knowledge to 
improve fertility in their flocks. 

Experiment 3 (Bilu) 


in a 


Experiments (Bilu) 

This experiment was designed to determine ” 

naturally ir^eminated flock could be improved by 

and eliminating the sterile birds or those with poor quality semen. 
TABLE I 

Correlation between sperm motility and percentage of fertile eggs 

_ . ,, ..... „ flnck Motility Percei 


Group of 
hens 
A 
B 
C 
D 
E 
F 
G 
H 
I 

J 

K 

L 

M 

N 

O 

P 


Cock 

number 


3 

4 

5 

6 

7 

8 
9 


*3 

»4 

*3 

16 


Motility 

grades* 

50 

45 

50 

40 

35 

55 

40 

50 

65 

95 

20 

o 

30 

10 

95 

35 

+o-662t 


Percentage 

fertility 

88 

44 

90 

9 

*3 

23 


60 

54 

90 


20 

54 

46 


Cock 

number 

17 

18 
J 9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
3 * 

32 


Motility Percentage 
grades* fertility 

45 5 


60 

75 

35 

85 

50 

85 

80 

90 

40 

62 

82 

85 

87 

60 


72 

80 

55 

90 

10 

95 

64 

61 
18 

62 

90 

60 

95 

57 


Correlation 
coefficient (2) 

• From o to too. 


+ 0'8o9t 
Significant at the I per cent level. 


• rrom o to too. I ‘-’•b 

The cocks were placed in batteries for . _355anc method, 

period in which they ^“^5 fvere divided into 2 groups, 

the samples were evaluated and the b 

according to their gradings. _ nHccd with hens in one 

Cocks with only high quality semen \\ j^-^cd group with only 
pen. In another, the male birds fot'm « ' rocks were equal in 

average quality semen. The numbers ° tjmes. The final 

both cases. The experiment was rep per cent) in the 

results showed a higher fertilisation percentage (5 -d 

eggs of the first group (P< 0 001) (Tn = ohtcived 

Seasonal variations in the fertility c^nrldm 10131 Bonadonna 

by several investigators (Parker am * ^ P* rriwrls show an 

and Pozzi, 1959; Perck me during the spnn;: 

increase in sperm concentration and P , Some invcsli^alors 

monilis, and a decline from July to r dccre.asc in da>lii:fit. 

hdiesc tl.at the decline in fertility results from a 
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Bajapi (1963) obtained an improvement in semen characteristics by 
extending the daylight hours and reported a rise in the percentage of 
motile spermatozoa and a decrease in the number of abnormal cells 
while the rate of motility was not changed significantly. The optimum 
photoperiod is reported to be 9-12 hr. daily (Furman, 1963) while 
8 hr. light resulted in complete sterility of the male. It is possible that 
these findings might be due to a sudden change of the light rations 
rather than to the absolute period of illumination. Photoperiodic 
regulation in male birds would repay further study. 

TABLE 2 

The effect of selecting cocks with high quality semen upon percentage fertility 



of eggs 

Percentage 

fertility of eggs 


Rooms with cocks 

* ^ 
Rooms with cocks 


with htgh*quality 

with average-quality 

Test No. 

semen 

semen 

1 

08-3 

82-2 

s 

88-0 

85-3 

3 

86-7 

02'6 

4 

85-7 

8o’0 

5 

84-5 

87-8 

6 

928 

8i*o 

7 

94*5 

82-3 

fl 

95*0 

83-9 

9 

900 

88-9 

10 

877 

86' I 

II 

93*3 

900 

12 

9«-6 

85-6 

13 

9 «*i 

05-5 

Total ftverage 

89-9±o-95* 

0.)-7±o-85- 


• Stnndartl error of ihc mean. 


Other investigators believe that tlic seasonal increase in environ- 
mental temperature is associated with a decrease in male fertility 
(I olge, 1950; Saeki, 19G0). On the other hand, Kamar and Badrcldin 
{ *959) reported a ])cneficial action of tlic seasonal high temperature in 
j'S) on the semen quality of the Fayoumi breed. Pcrck and Snapir 
(1963) stated that the semen characteristics do not show a direct 
statistical correlation with the cmdronmcntal temperature and may 
reflect merely a breed characteristic. The decrease in semen production 
obserx-cd in all the breeds during the autumn montlis may, thereforr, 
be a r>f reduced feed consumption during the summer, or the 
age of the birds, or may be due to reduced daylight. 

Suddenly imposed stresses on cocks, such as the precipitate changes 
in temperature causetl by the mid-caslcm desert wind “liamsin’*, may 
likewise produce a temporary decline in semen quality 5-7 da)^ after 
the imposition of the stressing agency (Pcrck and Snapir. 19G3). 
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Vitamins and Fertility in the Male 

The literature on this subject is sparse. Titus (1955) stated that 
hypovitaminosis A, induced in cocks at the age of 7 months, had no 
effect upon their fertility. On the other hand, Garcia and Parades 
{1957) reported that while libido remained normal there was a signi- 
ficant decrease in semen volume and sperm concentration in cocks fed 
a low vitamin A diet. When the mash was supplemented with 
30,000 i.u. of vitamin A per kg. a significant improvement in the 
sperm characteristics was noted after 14 days. 

Vitamin E-deficient diets, fed to cocks during 18 months, did not 
affect the fertility of the male (cited by Titus, 1955). 

In recent years some investigations were carried out on the possible 
effect of ascorbic acid (AA) upon semen quality. Wawrzyniak (1956) 
found a stimulative effect of AA injections, on spermatogenesis and 
testes weight, in 70-day-oId cockerels. Perek and Snapir (1963) 
reported that AA, when added as a supplement to the diet of White 
Plymouth Rock Males, had a beneficial effect upon semen volume and 
sperm concentration during the season of declining fertility. No 
statistical differences were obtained in motility between the AA treated 
and the control groups. 

As a result of the report by Thornton and Deeb (i960) that AA in 
the chickens’ diet influenced the birds’ metabolism by increasing 
oxygen consumption. Perek and Lowe (unpublished), studied the 
effects of the addition of iodinated casein to the diet of AA-treatcd 
birds in order to test the effect of AA upon fertility and to ascertain, 
if possible, its mode of action. 

Five treated and one control group were used, each consisting of 
5 cocks (Fig. i). 

Group I. Supplementation of 100 ppm AA to the diet. 

Group a. Supplementation of 100 ppm AA plus 0-015 P^i' cent 
thyroprotein. 

Group 3. Supplementation of 200 ppm AA. 

Group 4. Supplementation of zoo ppm AA plus 0-015 per cent 
thyroprotein. 

Group 5. Supplementation of 0-015 per cent thyroprotein. 

Group 6. Unsupplcmented control. 

The experiment was started in June, at the onset of the hot season, 
and was continued until the middle of December. The results showed 
a most significant positive effect (P<o-oi) of the diet supplemented 
with 200 ppm AA on group 3, increasing the volume of the semen and 
the total number of spermatozoa per ejaculate; sperm concentration 
was, how-cver, somewhat low-crcd (Fig. i). It can be stated therefore 
that AA supplementation affects the non-ccllular fraction more 
noticeably than the cellular fraction. 

At the 100 ppm level of AA (group i) no statistically significant 
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influence on the volume of the ejaculate could be found. This group 
could be distinguished by its high concentration of spermatozoa, 
although the total number of spermatozoa per ejaculate did not differ 
from that of the control. 

Treatment with thyroprotein alone had a benefleial influence on 
the non-cellular fraction, but it had a smaller effect on cellular con- 
centration. 

The groups receiving both AA and thyroprotein have shown little 
difference from those treated with AA alone, with respect to the 
quantitative characteristics of the semen. The addition of thyro- 
protein to the too ppm AA group’s diet seemed to increase the cell 
production as well, so that the total spermatozoa per ejaculate was 
higher. Addition of thyroprotein to the 200 ppm AA group’s diet caused 
a slight decrease in the total spermatozoa per ejaculate. This result could 
probably be explained by the report of Desmarais (tgflo) who stated 
that a small amount of thyroxine combined with a dose of ascorbate is 
equivalent in its action to a larger dose of thyroxine. It is thus possible 
that the combination of Qoo ppm of AA with thyroprotein was excessive 
in this case. 

The mode of action of AA in the diet on male fertility is not yet 
understood. Some investigators believe it to have a direct action upon 
the gonads, while others consider that it is mediated indirectly through 
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the thyroid (Desmarais, i960) on the grounds that AA was shown to 
increase the metabolism of tyrosin and phenylalanine, which are 
respectively precursors of the adrenal and thyroid hormones. A rela- 
tionship between thyroid activity and spermatogenesis in birds has 
been demonstrated by several investigators (Turner, 1959; Magsood, 
1950; Shaffner, 1948) and it may be assumed that the process of sperm 
production and fertility are closely related to the body’s general 
metabolism, but much further work remains yet to be done before 
this matter can be finally settled. 
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THE ACCUMULATION OF WATER AND 
ELECTROLYTES IN THE EGG OF THE HEN 

M. H. Draper 

Agricultural Research Council, Poultry Research Centre, 

King’s Buildings, West Mains Road, Edinburgh, g. 

Synopsis 

The progressive accumulation of water, sodium, potassium 
calcium and magnesium into the egg has been studied by 
eggs sampled at various stages of development ■ 

mature ovarian follicles. The accumulation of yo / • 

accompanied by a steady increase in water, ca cium an 

contents until ovulation. Sodium entry, however, appears u f not 

in the earlier phases of yolk formation giving way 7’ . tjo^ 

always, to potassium dominance in the mature yo . occur in 

no significant changes in content or concentration t 

the yolk, at least until well after oviposition This is despite the fact 
that, as the yolk moves down the oidduct, there f 

electrolyte concentration occurring in the devc opmg • jj 

magnum region the protein concentration is ^igh and he overall 
electrolyte concentration is comparable to, ut 

that in blood plasma. By the time ’ halv^g 

addition of water takes place accompanied by an app ‘ notable 
of the protein and overall electrolyte concentrations wi h 

exception of potassium, which may more t an ou during the 

the Lai whiL The greatest part of these change occurs dunng the 

process of plumping ivhen some ‘pety per cen expected amounts of 

is added without the apparent addition of the . p 

osmotically effective particles such as sodium ions. ) 

and white important amounts of potassium "^c added m^.lwlm^^ 

stages of formation and there is evidence to ehickens it can 

can be curtailed. From the analysis of new y-ha el d e kens U ^ 
be deduced that potassium deficiency could be the 
failures in liatchability. 

Jntroduciiori 

About 70 per cent of an egg is water. »'■' ';';;^7“';LL-rmd ^n 
paid to the way in which this important comuturnt ,s tran 
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the tissues of the hen to the yolk or white of the egg. Large movements 
of water, such as occur across the proximal tubule of the kidney or in 
exocrine secretions, are usually associated with movements of electro- 
lytes, particularly sodium. Indeed, in those situations which have 
been most extensively studied the process initiating water movement is 
the active transport of an electrolyte such as sodium. These processes, 
and the chemical energy systems involved, havebeen thesubject of much 
research in recent years. The fundamental papers in this field have 
been drarvn together in an excellent monograph by Ussing, Kruhffer, 
Theysen and Thorn (i960). 

The cells surrounding the ovum of the hen as it accumulates yolk 
and the cells of the oviduct involved in the manufacture of the egg white 
must be involved in the transport of considerable amounts of water and 
electrolytes. The object of the work described in this paper was to 
obtain an overall picture of the pattern of movements of water and 
electrolytes occurring at each stage from the initial growth of the ovum 
to completion of the fully formed egg. 

The work began with an analysis of sequences of eggs from individual 
hens, with the object of discovering the end-point at which the processes 
occurring in the ovary and oviduct are aimed. However, the degree of 
variation from egg to egg within a sequence proved so great that the 
work, rather than answering the question, posed another: what is the 
electrolyte composition of the biologically ideal egg? 

In an attempt to throw light on this problem, the electrolyte 
composition of a number of newly hatched chicks was determined, 
since the prime function of the egg is to produce a viable chick. Having 
thus obtained some knowledge of the end-point, the changes occurring 
en mile were studied: analyses were made of the contents of a number of 
developing follicles and of egg yolks and whites obtained from oviducts 
cither at operation or from birds killed at appropriate intervals after 
the estimated time of ovulation. The results were both surprising and 
more complex than had been c.xpectcd. Nevertheless, the overall 
picture seems fairly clear; sufficient evidence will therefore be presented 
in this paper to establish the general sequence of events. Detailed 
consideration of the complex sequence of the accumulation of water 
and electrolytes in the egg will be left to subsequent communications. 


Material and Methods 

The birds used were crosses between two (B and I) of the partially 
inbred lines of Brown Leghorns maintained at the Poultry Research 
Centre (Blyth and Sang, 1960). Birds with identification numbers 
jircfixed M sverc hatched duringjunc and July 1963, those prefixed N 
during January and February 196.}. The material analysed consisted 
of: (e) follicles at various stages of maturity obtained from tlic ovary at 
operation; (t) eggs at various stages of development obtained from the 
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isthmus and magnum regions of the oviduct at operation or after death, 
(c) sequences of about to successive eggs frorn selected hens during their 
first year of lay; and [d) newly hatched chicks. In addition, I2 eggs 
collected at random from Thomber “404” birds in mid-lay were obtained 
from a commercial producer, for comparison with the eggs laid by the 

Brown Leghorns. . , . 

Shell, white and yolk were analysed for sodium, potassium, calcium 
and magnesium. Water content was estimated from the loss in weight 
after dicing for 14 to 16 hr. at loo^C. The minerals were estimated 
from hydrochloric acid extracts of aliquots by atomic absorption 
spectroscopy (Willis, 1965); preliminary work showed that ashing 
a muffle furnaee was unnecessary. 


Results 


Yolk 


Table I sets out the absolute quantities of each 
expressed in grams for dry matter and water, and in pvt mined 

mineral content of each follicular ovum, white and yolk examined. 

The interest of the present research is directe .-ionenfthe 

involved in the movements of water and 10ns in the vano g 

oviduct or across the cells of the follicular wall an nature ofthc 

results arc expressed in moles rather than grams so a , 

various ionic concentration gradients can be rea ‘ f , , results 

The eggs were obtained in late September >964 and the ^results 
presented arc values obtained from lo successive ^.^-c 

bird M5273. The ten samples of eggs in the proccs This 

collected from the magnum and isthmus ’'‘^’nns o 1 , j 

material came from a mixture of iN and ^ b-ds. 
sources were not uniform the diversity of age results 

rather than sveakens, the conclusions drawn from the results. 
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The stability of the ionic concentrations in the yolk as it moves down 
the oviduct is a remarkable phenomenon because before ovulation there 
is a considerable passage of minerals into the yolk substance. Some idea 
of the way this occurs can be gained from an analysis of groups of 
follicular ova. Table i sets out the results obtained from the four 
largest follicles from hen M4170, whieh was a similar bird to M 5273 ' 
It can be seen that in this series the absolute mineral content increases 
steadily as the yolk grows in size. In the smallest sample, considering 
sodium and potassium ions, the sodium ion is dominant. This appears 
to be a general rule for all developing ova up to about this size. Further 
development is usually accompanied by a slow reversal of this relation- 
ship, with the potassium ion dominating in the final product. This 
process of sodium and potassium ionic transport to the yolk appears to 
be rather labile because many yolks are found, both in eggs and in 
follicles, in which the ionic state does not correspond with the state of 
development indicated by the mass of yolk substance present. 

There is a difficulty about taking a number of follicles and putting 
them into an age series based on weight alone because, even in an 
apparently regular layer, one cannot be certain that any particular 
follicle would ever have proceeded beyond the point at which it was 
sampled; atretic follicles being of such frequent occurrence. This may 
explain the finding in the present study of many irregular electrolyte 
sequences. However, regular sequences such as in M4170 are found 
where, as judged by the yolks found high up in the magnum region of the 
oviduct, it can be inferred that transport of sodium and potassium ions 
had proceeded regularly until at least fairly shortly before ovulation, 
■urthcrmorc, the indications are that the proper course of development 
IS such that in the mature yolk the potassium content dominates, and 
that this greater net entry of potassium relative to sodium occurs late 
m the maturation process. 

The calcium content of yolks is surprisingly high, being comparable 
on a particle basis to the sum of sodium and potassium ions. The 
ma^csium content is much lower but far from negligible. This 
could mean on a charge basis, that the calcium and magnesium 
10ns are rather important when considering the charge distribution 
across the yolk membrane. The actual state of both the calcium and 
magnesium has yet to be determined, hence the significance of the 
TOncentrations in available water cannot be assessed and the figures in 
a e 2 are inserted merely as a guide to the possibilities. However, 
even at 25 per cent ionisation the concentrations in the ovulated yolk 

•? '=‘'=''■ 5 '= considerably greater than in blood plasma 

(Table 2). 

The accumulation of calcium and magnesium by the growing yolk 
in the follicle appears to be appreciably more regular than in the case of 
potassium and sodium. Tabic i shows clearly how the calcium 
accumulation proceeds quite regularly in comparison to sodium and 
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potassium together. Table 2 shows that in the one set of follicles the 
concentration of calcium and magnesium have remained fairly constant 
while the potassium concentration has tended to increase and the 
sodium to decrease. This merely reflects the increasing potassium 
dominance previously referred to, and draws attention to the interesting 
possibility of a phase of actual exchange of sodium 10ns for potassium 
ions as the ovum enters the pre-ovulatory phase. Reference to the 
concentrations in blood in Table 2 indicates that at all stages o yo 
formation shown there is an apparent uphill gradient for the transport 
of potassium, calcium and magnesium into the yolk substance and a 
pronounced downhill gradient for sodium. (There is not enoug 
information to make any statement concerning the e ectroc emica 

gradients). , , , 

The analysis of follicular ova of mass less than a gram but greater 
than 100 mg. has so far proved difficult to interpret. Numenca y ey 
greatly exceed the five or six that are obviously on the way to ma 
and it would seem that there are a number of stages w ere e m 
remains fairly constant but composition is changing mar e y. 

White 

Table i shows that in contrast to oviposited ^ 

arc big differences between the corresponding w i es. Uccomc 

whites analysed would, if they had not been remove , , 

incorporated in eggs of about the same final w«g as , jjp 
Msayg. In the oviduct, conditions varied from the magnu 
membranes are present and there is thus the possi * ‘ ^ orcsent 
white being added, to the isthmus, where no membranes a P _ 

But, despite the diversity of origin, two important ® uliitc 

In Ae first place, after it has passed through the 1^‘hmus the u lute 

gains a considerable amount of water and (.[janpe 

amount of potassium. At the same time there is no 
in the number of sodium ions present but there ^ the content 

decrease in the quantity of calcium. On the 

of calcium in the white was found to be ’‘‘‘I*)*),'’ ^ dejuc- 

both between birds and between breeds and for t us ‘ cxnlan.ation 
tions based on this decrease must be tentative. 1 po initial pro- 

is that some of the calcium in the white is involved m the m.t.al p 

cesses of shell formation. . content niav 

The fact that there is no significant change 
not be quite as straightfonvard as it ,,,nt „ large 

plumping to be considered. P™"’ i, leaves the loiver 

movement of water takes place into the oviposited egg 

isthmus. From Table 2 it is apparent • 1 n , ,i,ai of caleiiini, 

the concentration of sodium is almost ha set , , ^ rent. 

because some has apparently left r JJi,„ion bv the .uhlmon 

'nils is consistent with a simple mechanism ofdilnuon 
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of water, but despite the added water the concentration of potassium 
has more than doubled to reach a value about four times that found in 
blood plasma. Thus the eritical phase is egg plumping, during which 
there is added to the egg some 40 per cent of its water or some 25 per 
cent of its final weight. It occurs after the membranes are formed 
around the white, but is already evident in the lower isthmus and is 
completed in the shell gland. 

As judged by the final state, the water accumulated by the white is 
not accompanied by the expected amounts of osmotically effective 
particles such as sodium ions. Relative to blood, egg white, as judged 
by freezing-point-depression methods, is hypotonic. Cock plasma has 
an osmotic pressure of 320 milli-osmoles, whereas typical egg white in 
the present study had a value of some 260 milli-osmoles. The quantity 
of potassium moved into the white, as might occur in the process of 
plumping, is not sufficient to be osmotically important. As will be 
suggested in the next section this process may well have considerable 
biological significance. It is noteworthy moreover that such an impor- 
tant constituent of living cells is added so late in the egg forming process. 

Newly hatched chickens 

From the biological standpoint the egg is destined to produce a 
chicken. A chick to be viable must possess, among other factors, a 
certain mass of cells constituting the essential organs. As the internal 
milieu of all cells contains a high and carefully controlled concentra- 
tion of potassium, the implication is that there is initially a definite 
minimal quantity of potassium present in the egg. Furthermore, apart 
from cellular water, the extracellular water must be sufficient to meet 
the needs of an adequate circulation and this necessitates at least the 
presence of an adequate quantity of sodium ions. 

Table 1 sets out the total-body analysis of six newly hatched 
chickens and the mean quantities of minerals found can be compared 
with the total of the means in the whites and yolks of M5273. The 
importance of potassium in the chicken is indicated by the fact that the 
coefficient of variation is least for this mineral (6-8 per cent) followed by 
water (9-7 per cent), calcium (13 per cent), sodium (i6’2 per cent) and 
finally, perhaps surprisingly, magnesium (20-8 per cent). On this basis 
it now seems probable that some of the eggs of M3273 were deficient 
in potassium. There was some potassium, about 200 micromoles, in the 
shells of the eggs from which these chickens were hatched, but it is 
questionable if much of this could be available to the developing 
embryo. The potassium content of the shell cannot be removed easily 
by simple leacliing with water. It is interesting to note, however, how 
small is the absolute contribution of the shell to the calcium needs of the 
cmbr>'o, only some 60 mg. out of some 1,800 mg., and also that the 
shell might yield a small but possibly important quantity of magnesium 
to the chicken. 
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Brown Leghorn and Thornber “404 ” 

The Poultry Research Centre’s Brown Leghorns are ^ 
efficient birds by modern commercial f 

it was of interest to compare their eggs with some newly-laid Thornber 
“404” eggs taken at random from a commercial 
particular birds were in mid lay so that the eggs mvine 

those of M5273 already discussed. Table 3 sete ou e ^ 

the absolute qintities of dry matter, water and mineral content found 

TABLE 3 

Egg weight, dry matter, water and mineral content of Brown Leghorn and 
Thornber “404" oviposited eggs 

Egg weight, dry matter and water '^Jp™'^“’'«'L'p<o oi and 
Significances are indicated by < 5 » prrnrs 

♦ ♦ * _ p <; 0-00 1 - Means and Standard Erro s 


No. of Samples 
Egg weight 
Dry matter: Yolk 
White 


Water: 


K: 


Mg: 


Yolk 

WTiite 

Yolk 

While 

Yolk 

White 

Yolk 

White 

Yolk 

tVhite 


Brown Leghorn 
iO 

59*2 ±®'5 
io*4±o-5 
3 . 7 ±o-i 
8 - 8 ± 0'4 
27 ' 3 ±o -4 
2I4±22 
i86o±93 
240±20 
66o±37 
355±*® 

46±4 
46±7 

iio±6 


Thornber “4^4” 

12 

58 ’ 2 ±fi 

9-2±0’2* 

4 ' 5 i 0 ’ 2 *** 

7-9±o-»* 

28’2±0’6 

j 70 ±io 

i 2 .o± 63**' 

255±>4 

530 ± 28 ” 
355 ±®4 
3I0±28*** 

43±3 

95±5 


r rrfTc There is no significant 

in the whites and the yolks of the two sets oegg^_ between the groups 

difference between the mean weights o , ^^,35 no significant 

and, although not included in Table 3 3^^ 

difference between the mean shell wcig ' . ^ (be mineral 

concerned no significant difference was ^ significantly 

constituents. tL yolks of the Broivn jus g 

more dry matter and water. Thus they , n-rcater quantity of 

The^‘404” whites contained “ -n:„^;^’"""bodfwhiteslad cssen- 
protein than those of the BrouTi Lcgh , > potassium contents of 
tially the same water content. The significantly 

the Brown Leghorn whites, on the other la ’ surprising. The 

greater than those of the “404’ s, w ic ^eat difference in the 
most interesting feature is, however, t le P^Yjmes as much calcium in 
calcium content. The “40.4”s had o'er the calcium and mag- 

thc 'Vhite. From Table 1 it can be deduced I ' ,),e fmal part 

ncsium arc added to the "’liitc in the o'l uc , , . ^ ^1^3^ |],rv are lH»tI> 

of the isthmus, and from other evidence it is P 
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added in the magnum region. It is interesting that the magnesium 
content seems to be relatively constant in the white (as it is in yolk also) 
whereas the calcium content is somewhat variable. Normally in other 
situations calcium and magnesium vary together, but in this situation 
there seems to be no consistent relationship. The significance of this 
finding is obscure. 

The quality of the whites of eggs from the Brown Leghorns produced 
at the Poultry Research Centre is considered poor, and it is thus 
worthwhile to look for a correlation between the “quality” of egg white 
and its calcium content. Perhaps calcium is involved in the cross- 
linked ovomucin-lysozyme complexes postulated by Brooks and Hale 
(1961) to explain the mechanical properties of the thick white. 

Although the fundamental significance of the differences in com- 
position between the two breeds of birds cannot be usefully interpreted 
at present, it is nevertheless interesting that differences could be 
demonstrated with such small samples. 


Discussion 

There are a number of features of great fundamental interest which 
arise from a consideration of the results of the ionic and water move- 
ments into the oviduct and then into the membraneous egg. In general 
it seems clear that a simple system of net transfer into the oviduct will 
not explain the findings. The functioning of the tubular cells of the 
nephron would seem to be a somewhat analogous situation, except that 
the oviduct in some respects is acting in the reverse fashion, in that it is 
gaining potassium, possibly at the expense of sodium. This is the 
opposite of the situation in the distal tubule. Recent research has shown 
the complexity of electrolyte exchanges that are possible along the 
length of the nephron (Ussing el al., i960; and Windhager and Gie- 
bisch, 1965) and as both the nephron and the oviduct are essentially 
tubes of specialised epithelial cells it is interesting to consider the 
plumping process in the light of the kind of active ionic transport 
syst^s that have been demonstrated in the renal tubules. 

The essential process in plumping is the large movement of water 
wluch must pap across the oviduct epithelium and then aeross the 
membranes of the egg. This could be accomplished by an initial large 
inward movement of sodium, about 1,500-2,000 micromoles which 
would build up the necessary osmotic gradient so that water would 
then move into the oviduct. If, at a subsequent stage in the shell 
gland, these extra sodium ions could be reabsorbed through what has 
now become a watcr-impermcablc membrane system {vide the collecting 
tubules of the nephron) this could produce the necessary hypotonicity 
W-Ith reference to the white so that water could now move across the, 
as yet, iincalcificd shell membrane. Clearly much light could be shed 
on this system by continuing to get samples at later stages in the shell 
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gland and by measurement of the potential fields across the wall of the 
oviduct in various situations and states of functioning (Windhager and 
Giebisch, 1965). Preliminary analysis of a few samples of shell gland 
plumping fluids have shown the expected sodium concentration at about 
the level found in blood plasma together with increased potassium 
concentration (15 mM). Hoover and Smith (1958), in their analysis 
of shell gland fluid also believed that some reabsorption of electrolytes 
must occur. This lends some support to the above considerations but 
so far no evidence has been obtained concerning the fascinating 
problem of how the added sodium is removed. 

Another feature of interest is the way the yolk membrane after 
ovulation appears to be able to maintain concentration differences 
between the white and the yolk, particularly as these gradients change 
markedly. Smith, Wilson and Brown (1954) working with mature 
White Leghorns found the same general situation concerning sodium 
and potassium distribution between the yolk and the white i.e. white 
tends to be sodium-dominated and yolk to be potassium-dominated. 
However, the absolute quantities per equivalent egg are evidently rather 
higher than in our eggs. As far as electrolyte transport is concerned, 
this raises an interesting question concerning the changes that may have 
been produced in the efficiency of oviduct machinery, by the genetic 
procedures used in the development of the modern egg-producing bird. 

The situation in the maturing follicle, where it would appear that 
some follicles produce yolk substance with relatively low concentrations 
of such important minerals as potassium and sodium, raises the issue of 
how important is a constancy of the yolk ionic milieu for the initial 
growth of the fertilised ovum. It would seem from the present results 
that there is no clear relationship between the transport of organic 
material to the yolk and the transport of key electrolytes. This poses 
questions about such matters as the mechanisms governing the 
quantities of minerals added to the accumulating yolk substance, and 
whether this machinery is linked in any rvay to the mechanism of 
ovulation. 

Finally it is realised that the issues raised have u’ide implications 
concerning both fundamental biological machinery and such issues as 
egg size or egg hatchability. Many more questions arc posed than 
can be answered but the purpose of the present paper u ill be amply 
served if further research can be stimulated into these important and 
fascinating aspects of follicular and oviducal functions. 
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RECOVERY OF YOLK PIGMENT IN 
THE LAYING FOWL 

H. S. Bayley and Gillian M. Newlands 

Wye College {University of London), Ashford, Kent 
Synopsis 

The extent to which ^-carotene and the ethyl ester of jS-apo-8'- 
carotenoic acid are deposited in egg yolks has been investigated using 
Light Sussex birds fed on a low pigment semi-synthetic basal diet. The 
criterion for deposition was based on the measurement of the amount of 
the pigment in the yolk rather than on an assessment of the total 
colour. The pigments were administered in either oil solution or as 
the crystalline materials in gelatine capsules, since this allowed the 
amount of pigment ingested to be assessed more accurately than if the 
pigments were dispersed in the feed. There was little evidence of 
deposition of the ^-carotene but about lo per cent of the ethyl ester of 
the carotenoic acid appeared in the yolks. 

Introduction 

The majority of the colour in egg yolks is due to the presence of 
alcohol-soluble hydroxy derivatives of carotene, termed xanthophylls. 
The xanthophyll fraction was thought to be a homogenous pigment by 
Willstatter and Escher (1912), but it was later shorvn by Kuhn, 
Wintcrstcin and Lcderer (1931) to contain two compounds, zeaxanthin 
and lutein. The remaining 2-10 per cent of the colour was shown by 
Gillam and Heilbron (1935), and Grimbleby and Black (1952), to be 
due to the presence of ^-carotene and cryptoxanthin. Fig. i shows the 
four pigments which are found in egg yolks under natural conditions; 
j 3 -carotcne, cryptoxanthin, zeaxanthin and lutein. These arc all long- 
chain hydrocarbons svith a ^-iononc ring at each end of the molecule 
(Karrcr and Juckcr, 1950). The conjugated, unsaturated double- 
bond system is responsible for the colour, /^-carotene is wholly h>'dro- 
carbon, while cryptoxanthin has one hydroxyl group on one of the rings. 
The ttvo xanthophylls, lutein and zca.xanthin have hydroxy] groups in 
both rings and differ only in the configuration of the double-bonds in 
one of the rings. The data presented by Grimbleby and Black (1952) 
and by Kuhn et at. (1931) allow tlie relative distribution of the four 
pigments to be calculated and the results arc sliou n in Table i. 
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Reported values for pigment levels in foodstuffs vary widely, as the 
caroteLid content depends on the type and source *;;”f^yv"un 
season, method of processing and Ume of storage. The highly un 
saturated nature of the carotenoids renders them susceptible to oxidative 
destruction. This oxidation is accelerated by heavy metal salts, rancid 
fats hieh temperatures and certain feedstuff's such as fishmeals (I^ath- 
mann and Daggy, 1961). Variations in analytical conditions make it 


Name 


^-carotene 


Cryptoxanthin 


Zeaxanthln 


Structural Formulae 



Lutein 


Fig. 1 . Pigments appearing in egg-yolks under natural conditions. 



difficult to find reproducible values for the pigment contents of feed- 
stufTs. The common sources of pigments in British poultry feeds are 
maize, lucerne and grass-meal. An example of the variation in pig- 
ment content can be seen for the xanthophyll level in lucerne, where 
values as high as 960 mg./kg. and as low as 190 mg./kg. have been found 
(Goodwin, 1952; Ewing, 1963). It would appear that the xanthophyll 
fraction of lucerne is predominantly lutein (Bickoff, Livingston and 
Bailey and Thompson, 1 954) and that of maize is zeaxanthin (Goodwin, 

1952). 

The difference in the relative concentrations of carotenes and 
xanthophylls in the egg and in the food is striking. In green foods tlic 
carotcncrxanihophyll ratio is 1:3 whilst in eggs it can reach 1:3®* 
Mattson and Deuel (1943) showed that this increase occurs mainly 
through the ^-carotene and cryptoxanthin being metabolised to vitamin 
A rather than to any failure in absorption from the intestinal lumen. 
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There appear to be two major routes for the metabolism of 
carotene to vitamin A (Thommen, ig6i; Brubacher, Gloor and Wiss, 
i960). The ^-carotene molecule may be split medially with the uptake 
of two molecules of water to yield two molecules of vitamin A. Alter- 
natively, a gradual stepwise oxidation, starting from one end of the 
conjugated chain produces the apo-carotenes, the first being jS-apo-S'- 
carotenal. Further oxidation yields / 3 -apo- 8 '-carotenoic acid, which 
eventually oxidises to vitamin A. The vitamin A activity of the differ- 
ent carotenoids depends on whether the j8-ionone ring structure is 
present once or twice in each molecule (Tiews, 1963). The jS-ionone 
rings of the xanthophylls are modified by the presence of the hydroxy- 
or oxo-groups and are vitamin A inactive. Hughes and Payne (1937) 

TABLE I 

Distribution of pigments in egg yolks under natural conditions 


Pigment Ratio* 

^-carotene i 

Cryptoxanthin 7-5 

Zeaxanthin 75 

Lutein 1 75 


• ^-carotene taken as unity. 

state that between 15 and 25 per cent of the total ingested carotenoids 
are usually deposited in the body tissues. The xanthophylls are laid 
down in the fat depots and shanks as esters and these are mobilised in 
the free state into the eggs during the laying period (Goodwin, 1952). 
Only about 8 per cent of the xanthophylls in eggs are in the esterified 
form (Peterson, Hughes and Payne, 1939). As early as 1919 Palmer and 
Kempster considered that xanthophylls arc of no physiological im- 
portance and that mobilisation from the tissues to the eggs is merely 
due to the fact that the eggs are a convenient route for the excretion of 
fat-soluble compounds. 

The present study has been undertaken to provide a foundation for 
future work which aims to determine the extent of the breakdown of 
the fat-soluble pigments to colourless products such as vitamin A. 
The factors in the diet which affect these processes will receive par- 
ticular attention. All the breakdown products arc not knoivn and so 
the work is being limited to the estimation of particular compounds in 
the egg yolk. So far, studies have only been made with pure pigments 
rather than svith ill-defined natural feeds whieh contain a wide variety 
of carotenoids. Much of the early work on avian carotenoid metabol- 
ism was done with pigmented fecdstuffs or crude extracts, and although 
some work has been done with purified compounds the results have been 
expressed in terms of total colour or as consumer acceptability rather 
than as quantitative recoveries (Gillam and Hcilbron, 1935; Peterson 
el at., 1939; Ganguly, .Mchl and Deuel, 1953; .Manisich, Kadin and 
Bauernreind, 1958; .NIarusich, Dc Ritter and Bauernfeind. igGo). 
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Materials and Methods 

An. attempt has been made to establish a quantitative method for 
estimating the pigment content of egg yolks. The method used was 
based on one described by Goodwin (1955) with plant 

material. 

The yolk and albumen are separated and the yolk is rolled on filter 
paper to remove adherent albumen. The lipids are then extracted 
three times with 80 ml. of acetone in a blender (Atomix i litre) under 
nitrogen. The combined filtrates are treated with 25 ml. of alcoholic 
potassium hydroxide for 15 min. under reflux and allowed to cool. The 
non-saponifiable material, including the carotenoids, is then separated 
from the saponified material by extraction with diethyl ether and water. 
Separation of the fatty acids in the aqueous phase at this stage prevents 
their interfering with the chromatographic separation of the pigments. 
The above saponification process converts the xanthophyll esters to 
free xanthophylls, which is desirable because the esters often exhibit 
the characteristics of carotenes on the chromatographic column. 

The ether extracts are washed free from alkali with distilled water 
until the washings are neutral to phenolphthalien and then evaporated 
to dryness under reduced pressure in an atmosphere of nitrogen. The 
residual pigments are then dissolved in a minimum volume of petroleum 
ether (boiling range 40-6o‘’C.) and the solution applied to a column 
of aluminium oxide 5 cm. long and i cm. in diameter, the activity 
of the aluminium oxide having been reduced by standing it over- 
night in methanol. It is found that the carotenes run through the 
column in the petroleum ether, while the xanthophylls are adsorbed 
in a band at the top; these can be eluted with 20 per cent ethanol in 
acetone. The various fractions are then diluted to a standard volume 
in petroleum ether and the characteristic absorption spectra plotted 
on a spectrophotometer (Unicam S.P. 700) between wave numbers 
267 and 200 cm"*. 

When the absorption spectrum of the first fraction ivas plotted, a 
large amount of material was present which distorted the absorption 
spectrum of the ^-carotene to such an extent that when only a small 
quantity of ^-carotene was present no precise estimation of the con- 
centration could be made. The interfering material was not rendered 
water soluble on saponification; it absorbed light in the ultraviolet 
region of the spectrum and as it was precipitated by digitonin it was 
presumed to be a sterol. Many combinations of eluants and absorbents 
were tried m an cfTort to separate the material from the carotenes, 
without success. ^Vhcn the pigments were present in greater concentra- 
tions the cftcct of the interference was less marked and the following 
procedure was then devised to determine the carotene concentration. 

An aliquot of the petroleum ether solution of the pigment is taken 
and the absorption spectrum of the total colour fraction plotted. TIic 
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remainder of the solution is then applied to the column, the xantho- 
phylls separated from the other pigments and the absorption spectrum 
of the xanthophyll fraction plotted. The concentration of the carotene 
fraction is then calculated by difference. 

Standard solutions of ^-carotene and zeaxanthin were prepared and 
recovery experiments carried out. An egg yolk was divided into two 
equal portions and a known amount of pigment was added to one half. 
Both halves were subjected to the above analytical procedure and the 
recovery of the pigments was calculated by the difference between 
the values for the two halves. Table 2 shows the results. 


TABLE 2 

Recoveries of pure compounds {the crystalline compound added to a halved egg 
yolk and subjected to the analytical procedure) 

Compound Recovery per cent 

fl-carotene 9 ^'^ 

P 99-8 

joo-8 


Zeaxanthin 


99-0 

99-0 

98-8 


Standard curves for the relationship between optical density and 
concentration have been prepared for ^-carotene, zeaxant in an e 
ethyl ester of j3-apo-8'-carotenoic acid. The last is incorporated into 
gelatine beadlets at the level of lo per cent and used in commercial lay- 
ing rations as a pigment source under the trade name arop y 
(Roche Ltd). Hydrolysis of the ester during the saponi^ation process 

gave recoveries of between 70 and 8o per cent for t e arop y lo 

However, since the saponification is necessary to remove the large 
amounts of triglyceride fat present in the yolks and to prepare a solution 
of the pigments suitable for separation on the alumina columns, thes 

low recovery values have been accepted. 

To determine the amount of ingested pigment ivlnch apprared in 
the yolk, the birds were fed on the low pigment ration shou n ^ “h 3- 
The ration was supplemented with vitamins and '".'"‘''■als, sec TabI 4. 
to raise the levels in the diet to the •■<=“™"'‘="'^“‘'ons of the NaUonal 
Research Council (i960). Light Sussex hens rom ic ^ stores 
hock in their first year of lay were used. To deplete the b 
of carotenoids 2 months on this nation " ncccssar). . 

maintained the birds in full lay, but a problem ivas 
the meal which because of its very fine powdery tc.x urc ' 

able to the birds. Commercial feedstuRs 
possible to pellet the ration, but the problem uas 
wetting the meal and pushing it through a roars; su s 
which were dried at ioo''C. 
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There are conflicting reports of the utilisation of ^-carotene as a 
pigmenting agent. Kennedy (1935), Peterson et al. (1939) and Thumm 
(1962) report that j3-carotene does not affect the colour of the yolk 

TABLE 3 
Low pigment ration 


Ingredients 

per cent 

Corn starch 

61 

Groundnut 

20 

Fishmeal (65 per cent protein) 

6 

Casein 

3 

Supplements (see Table 4) 

10 

100 

Crude protein (per cent N x6*25) 

i5'7 per cent 

Metabolisable energy 

3,120 kcal./kg. 


TABLE 

4 

Supplements for i,ooo lb. 

. of complete ration 

Vitamin Supplement 

Vitamin A 

2,500,000 i.u. 

Vitamin D, 

700,000 i.u. 

Vitamin E 

24,000 i.u. 

Vitamin K 

500-0 mg. 

Choline 

200-0 g. 

Pantothenic acid 

2-0 g. 

Riboflavin 

i-o g. 

Nicotinic acid 

15-0 g. 

Folic acid 

1 00-0 mg. 

Vitamin Bu 

I'O mg. 

Thiamine 

i -o g. 

Pyridoxine 

*'3 g- 

Biotin 

lo-o mg. 

Afinerat Supplement 

CaHPO, 

10*0 kg. 

CaCO, 

*52 1 ^ 5 - 

NaCl 

2*52 ^S’ 

MgS 0 .- 7 H ,0 

224-0 g. 

MnSO.'sHjO 

B-n g. 

FeS04-7H,0 

4*4 K- 

CuSOi'sUtO 

3G0-0 mg. 

ZnCl, 

2-2 g. 


to any measurable axtent, whereas Pearson (1962) reports a lemon 
yellow colouration of yolks after incorporating fl-carotene in the feed. 
To ascertain what happened when fl-carotcnc was fed under our 
experimental conditions, the following experiments were conducted. 

Food wastage makes it impossible to record accurately the amount 
of a food ingredient ingested, and so the pigments under investigation 
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were forcc-fed in single daily doses instead of being incorporated at lou 
!c\'els in the feed. This technique involved handling the birds daiK, 
but this produced no ill effects if the birds were handled after 4.00 p.m. 
as by this time ovaposition and o\'ulation were complete. 


Experiment / 

The only way in which the small amount of ^-carotene for one day s 
dose could be measured out was to make up a standar so ution o t e 
pigment in petroleum ether and measure an aliquot of this. Attempts 
to transfer the pigment to lard or onto a small portion o t e 
proved unsatisfactory, but it could be transferred to ct > o ca 
remo\'ing the petroleum ether by evaporation un cr nitrogen, 
ethyl olcatc solution was administered with a syringe ._ 

This procedure proved unsatisfactory during the course o . i 

ment since the ethyl oleatc is sufficiently \ascous or cons 
quantities to adhere to the sides of the tube and s> ^nnaratus. 

tated the use of a large amount of ethyl oleatc to flus .vneriment 

An egg was collected from each of four bir s ntpne in ethyl 

started. Two received a daily dose of i mg. o , nleate 

oleatc for 20 days and two served as controls 
alone. All the eggs laid during the dosin^cno an . .. . ; 

to days svere collected and analysed, ^ere were 'Vere 

case of the birds rcccisnng the pigment that the ^-ca 
Wgher than in the eggs from the controls. 

Experiment 2 1 ,1, . 

Bunnell, Marusich and Bauemfeind ( 1 962) shos« ^ a ^ 

preparations are better utilised than ^ ^-carotene in the 

effect on egg yolk colouration SO It as dec “raroohyll lo’*, 

dry state in this experiment. The commcrcia Pj^ comparison. Two 
which is fed as a dry preparation, was 

of the birds were to receive 20 dos^ of i g- r starch. This 

so 20 mg. were weighed out and dilute w aliquots wHch 

enabled the daily i mg. to be , Davis & Co.). Since the 

were administered in gelatine capsules { ? hpadlets it could be 

"Carophyll to” is already diluted tn gelati- be^adto 

weighed out directly into the capsules. . ’ rpfrieerator. 

were stored under nitrogen in stoppered tubes in a refngerato 


Results 


The pigment contents of the o" <1=*^ ® 

Shotvn in Table 5 . One of the control bwds stopped 
and the other bird laid two^ soft sheHed content of the eggs 

treated birds showed a slight increase in t of the eggs laid in 

on administration of ^-carotene. anv visible colour 

this experiment by the treated birds exhibited an> 
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difference from those laid by the controls. Table 6 shows the ^-carotene 
balance. The values for the pigment contents of yolks from the control 
birds were used to correct the pigment contents of the yolks from the 
treated birds for the pigment contributed by the basal ration. The 
values show the very low recovery for the administered ^-carotene. 

TABLE 5 

f -carotene recovered from eggs laid in Experiment i expressed as fig. per eggyolk 


^-carotene in ethyl oleatc 



Treated birds 

Control birds 


Replicates 

Replicates 

Day 

A 

A 

D 

A B 

0 

3 

5 

>i 3 

I 


3 

2 

2 

a 

7 

>i 

3 



2 

4 


7 

3 

5 


7 


6 

3 

5 

9 

7 




8 


6 

4 

9 


6 


to 

*9 

5 


11 

6 

4 

2 

IS 




»3 

4 

3 

2 

*4 

4 

4 

2 

*5 

3 

5 


16 



2 

*7 

3 

4 

2 

18 

3 

5 


J9 


3 


20 

1 



»* 




31 

3 

5 

s.s. 

33 


3 

2 

33 

4 

3 


24 

3 

3 


25 

3 



sG 


3 


37 

3 

3 


sO 

3 

3 


39 


3 

s.s. 

30 


3 

2 


a.s. refers to soft ahcHcd egg which was 
lost. 

From • to •• refers to dosing period. 


Table 7 shous the values for the eggs laid in Experiment 2. Those 
from the control birds had a constant pigment level, but there were no 
indications of any incre.asc due to the administered g-carotcnc. In 
marked contrast were the values for tltc yolks produced by the bird 
which received the “Carophyll 10”, the yolks with more than too /ig. 
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of pigment having a visibly acceptable degree of colour. Unfortunately 
values for only one bird are available. ^ 

The calculations of the recovery of the two pigments m this expen- 
ment are shmvn in Table 8. The results for the birds recei^ng the 
crystalline jJ-carotene indicate a negative recovery m the yolks, ihe 
corresponding values for “Carophyll lo” are also shown. The extinc- 
tion coefficients of ^-carotene and “Carophyll lo are sufficiently 
similar to allow the values for the controls to be used d»-ectly ‘o “^ct 
the pigment content of the “Carophyll lo” yolks. Smce losses of 
“Carophyll lo” occurred in the analysis, these values should be regarded 
as minima. 

TABLE 6 


Total pigment in yolb 
Number of eggs 
Average pigment per yolk 
Pigment contribution of basal diet 


Pigment trom casai aici ui j 

Administered pigment recovered mean 


expressed as 

p,g. pigment 

Treated 

Controls 

Replicates 

Replicates 

A~^ 

A 

B 

70 105 

J4 

14 

c 

17 25 

9 

D 

i’6 

2-3 


2*0 


34 50 




value 

20 mg. administered recovery 

Plate 12 shows yolks of eggs laid by a Received the 

daily dose of “Carophyll lo”. The marked ^ows^ ‘ ha„ 24 

deposition of each dose of pigment must have occu 
hours since each layer of pigmented yolk is separated from the 
by a band of pigment-free material. 

Discussion and Conclusions 

The present results confirm those of Kennedy (.935) and Thum.n 
(1962), who could detect no colour change in egg yo _n,ount of 
feeding ^-carotene. Although in Experiment i a "im j^jpctcd 
^-carotene was shown to be deposited it was too sma 
by any means other than chemical analysis. This suggests 
conversion of j 3 -carotenc to vitamin A is very rapid and “r™ 
the findings of Mattson and Deuel (1943)- These wor c ‘ 
for the accumulation in eggs of xanthopylls rather t an c. 
the rapid metabolism of carotenes to vitamin A. ..rotions of 

The results of Bunnell et al. (1962) showed that dry P‘'=P“ ‘ ,,^0 

P-apo- 8 '-carotcnal were deposited in yolks to a pater c-xtent 
fed in cottonseed oil; however, our results obtaine^ m 1 q]- (.(J iyl 

were contrary to this, perhaps because of a stabilising . ^1 ,ract. 
oleatc protecting the ^-carotene from destruction in the intcsi 


45 

0*2 per cent 
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Purthcrmore, Russell, Taylor, Walker and Polskin (1942) have sug- 
gested that carotene is better absorbed by adult hens from an oily 
medium. 


TABLE 7 

B-carotene and “Carophjill 10” recovered from eggs laid in Experiment 2, 
expressed as fig. per egg yolk. 



Controls 

Crystalline /9-carotene 



Replicates 

Replicates 



Day 

k 

B 

A 

B 

“Carophyll 10” 

0 


4 

3 

5 

4 

1 

2 





40 

3 


>i 

2 

3 

65 

4 


3 

2 

2 

69 

5 




3 


6 


3 


2 

68 

7 

8 




86 

8 

5 

3 

3 

2 

112 

9 



2 


164 

to 

3 



3 


It 


3 



iGi 

12 

3 

4 

2 

3 

]68 

»3 


4 


3 

133 

»4 

3 


3 



«5 

4 

3 

3 

2 

152 

16 




2 

190 

‘7 

1 

3 

3 

2 

‘45 

18 





‘33 

»9 

1 

4 

2 

2 


20 

1* 



2 

3 

129 


21 


3 



‘25 

22 

2 



2 

128 

23 


G 


3 


34 

2 


2 

3 

92 

35 


2 



107 

26 

2 

3 


3 

a? 

3 




37 

28 


3 



ag 


4 



9 

30 

+ 

+ 

+ 

+ 

6 

3« 





7 

32 





to 

33 






34 





5 

35 





3' 


rrom *10 • • rcfen lo dosing period. 
* Collection of eggs ceased. 


Tlic work of Marusicli et al. (19G0) showed tliat the level of deposi- 
tion may \*ar>’ from 2*2 per cent to 26*0 per cent depending on the 
pigment administcrctl. The results for "Carophyll 10*’ compare 
favourahly with those obtained for ^-apo-8'-carolenaI, which is the 
aldehyde form corresponding lo “Carophyll 10** (sec Table 9), 
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It is interesting to note that a compound which is intermediate in 
the conversion of ^-carotene to vitamin A is deposited in the yolk to a 
far greater extent than ^-carotene itself. It may be that in any given 
time only a limited amount of j 3 -carotene and intermediates can be 


TABLE 8 

^-carotene and “Carophyll lo" balances for Experiment 2, expressed as fig. 


Total pigment in yolks 
Number of eggs 
Average pigment per yolk 
Pigment contribution of basal diet 


pigment 

jS-carotene 

Replicates 

Controls 

Replicates 


*A 

B 

A 

B 

“Carophyll 

29 

47 

36 

56 

2,370 

12 18 

12 

17 

27 

37* 

56* 

3-0 3-3 

3-» 

84 

2,286 


(j ’8 per cent 


Administered pigment recovered 
23-2 mg. administered recovery 

• The calculated pigment contribution of the basal diet to the treated eggs exceeded the 
determined content, indicating a negative recovery. 

involved in the process of oxidation. Thus any . 

concentration of one intermediate will result m a proper * . 

intermediate being subjected to another fate. In t is case a p „ , , 
of the “Carophyll to” is deposited in the yolk and is unavai kMe 
for vitamin A synthesis by the pathway proposed by ru 
(i960). 

TABLE 9 

Comparison of results with those of other workers 


Pigment 

^-carotene 
j9-carotene 
^-carotene 
^-carotene 
jS-apo-S'-carotenoic 
acid ethyl ester* 
Marusich et al. (i960) ^-apo-8'-carotcnal 
• “Carophyll to”. 


Recovery in yolk per cent 


Experiment i 
Experiment 2 
Peterson et al. (1939) 
Thumin (1962) 
Experiment 2 


0-2 
o o 
o o 
o o 

9-8 

8-3 
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SOME ASPECTS OF THE LIPID 
METABOLISM OF THE CHICK EMBRYO 

R. C. Noble and J. H. Moore 

National Institute for Research in Dairying, Shinfield, Reading, Berks 
Synopsis 

A STUDY has been made of the lipids present in tl^ hens 

unincubated eggs obtained from normal and vitamin 12 
and in the yog livers and extrahepatic 

Bij-deficient chick embryos during the last^ 8 y , ■ jj^e 

Esterification of cholesterol, mainly ’appeared to be a 

yolk as embryonic development proceeded. 1 pthanolamine 

preferential absorption from the yolk PhosphaUjd^ethanolam 

relatively rich in docosahexaenoic acid. triglycerides, 

occurred in surprisingly high concentrations i , , j the normal 

Considerable alunt! of cholesterol oleate accu^ 

embryonic liver. At each stage of incubatio , ’ ^ ^y^re greater, 
tions of cholesterol ester in the livers of the were consider- 

and on days 15 and 17 the concentrations of livers of the 

ably less than the corresponding concentrations 1 , jjy higher 

deficient embryos. Vitamin Bu-deficiency resu e j^j^j-j-edly lower 
concentrations of stearic and palmitic aci s a jjvcr 

concentrations of arachidonic and . anoear to influence 

phospholipids. A deficiency of vitamin B12 1 extrahepatic 

the composition of the lipids isolated from the yolks 
tissues of the developing chick embryo. 

Introduction comparative 

Ferguson, Rigden and Couch (1955) B,:-dcficicnt 

histological study of the tissues of more numerous 

chick embryos and reported the presence o arg Ferguson 

fat vacuoles in the hepatic cells of the dc ^ resulted in some 

'' (1955) concluded that a dcficicn^ o vi a 

basic disturbance of the lipid metabolism -.Tniin K, --deficient rats 

Extensive deposition of fat in the livers o ' jT-|pcrn (i95*) 

has been observed by Bennett, Joralcmon a found tlint fati' 

Hartmann (1959). Ho\vcver, Bennett et o . a 
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livers did not develop in rats given a vitamin Bij-deficient diet supple- 
mented with methionine. Thus there would appear to be a fairly 
logical explanation for the occurrence of fatty liver in the vitamin Bij- 
deficient rat. It seems likely that the last step in the synthesis of the 
active methyl group of methionine from more highly oxidised one- 
carbon-atom compounds, i.e. the reaction between S-methyl-tetra- 
hydrofolate and homocysteine, is catalysed in the liver by an enzyme 
system containing vitamin Bj2 as a prosthetic group (Buchanan, 
Elford, Loughlin, McDougall and Rosenthal, 1964). At present the 
only known mechanism by which ethanolamine is methylated to pro- 
duce choline involves a transmethylation reaction with S-adenosyl- 
methionine as the methyl group donor (Cantoni, 1951, 1953; Pilgeram, 
Hamilton and Greenberg, 1957). In the liver of the rat it would seem 
reasonable to envisage a reduced synthesis of choline from ethano- 
lamine and hence a reduced synthesis of the main liver phospholipid, 
i.e. lecithin. In fact, Hartmann (1959) has reported reduced levels 
of lecithin in the livers of vitamin Bj^-deficient rats. 

It has, of course, been well established that an extensive deposition of 
fat (Deuel and Hallmann, 1941) and a reduced synthesis of phospho- 
lipid (Perlman and Chaikoff, 1939; Perlman, Stillman and Chaikoff, 
1940; Horning and Eckstein, 1946; Cornatzer and Gayer, 1950) occur 
in the liver of rats given diets defieient in choline. As might be expected 
rats given choline-deficient diets supplemented with lecithin do not 
develop fatty livers (Hershey and Soskin, 1931). 

It seemed doubtful whether the occurrence of fatty livers in the 
vitamin B, --deficient chick embryo could be explained in terms of a 
reduced synthesis of choline by the embryo since the yolk of the hen’s 
egg is an extremely rich source of lecithin (i.e. about 1-5 g. lecithin per 
egg). The question of accounting for the appearance of fatty livers in 
the vitamin Bja-deficient embryo thus presents an interesting problem 
that has stimulated a general study in the authors’ laboratory of the 
lipid metabolism of the normal and vitamin Bjj-deficient chick embryo. 
Some of the results of this study are now briefly described. 


MaUrials and Methods 

Normal embryos were obtained from the eggs of Light Sussex hens 
that had been mated with Rhode Island Red cocks. These hens were 
kept on deep litter and were given a normal diet compounded for 
breeding birds. 

Vitamin B,.-defieicnt embryos were also obtained from the eggs of 
Light Sussex hens that had been given the all-vegetable protein diet 
of Coates, Harrison and Kon (1951). These hens were kept in batteries 
and were artifieially inseminated twiee weekly with semen from Rhode 
Island Red cocks. Tire hens were depleted of ritamin B,- for periods 
sanying from G to 15 montlis, by which time the hatchability of the 
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fertile eggs had fallen to 30 per cent or less. Control embryos were 
obtained from the eggs of Light Sussex hens that had been given for 
corresponding periods the same diet supplemented with 27-5 pg. of 
vitamin Bjj per kg. 

Embryos were removed from the eggs after various stages of incuba- 
tion and the livers, extrahepatic tissues and yolk sacs were retained for 
lipid analysis by the techniques fully described by Moore and Doran 
(1961, 1962) and Noble and Moore (1964, 1965). 

Results 

The results of the various experiments have been given in detail by 
Moore and Doran (1961, 1962) Noble and Moore (1964, 1965) and 
are, therefore, summarised only briefly in the present communication. 

The lipids of the yolks, livers and extrahepatic tissues of embryos derived from 
hens given a normal diet 

Fig. I shows the weights (g. per yolk) of the various lipid fractions 
in the yolks at various stages in the incubation process. During the 
first 1 3 days of embryonic development about 350 mg. of total lipid was 
absorbed from the yolk. From day 13 to day 15 a further 230 mg. of 
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lipid was transferred from the yolk, but between day 15 and day 21 the 
absorption of lipid from the yolk sac increased to the extent that during 
the last 2 days of incubation, lipid was absorbed at the rate of over 
I g. per day. The concentration of triglyceride and phospholipid 

TABLE I 

Eslerifud cholesterol expressed as a percentage of total cholesterol in the yolk at 
various stages during incubation 


Time of incubation 


Time of incubation 


(dap) 


(days) 


0 

4*2 

*7 

28-0 

6 

40 

18 

28*7 

9 

4*» 

J9 

37-0 

12 

ift 

21 

39*0 

*5 

170 




expressed as percentages of the total yolk lipid did not vary to any extent 
during incubation. It would appear that cholesterol is actively 
esterified in the yolk during incubation. This is clearly shown by the 
combined results of Tsuji, Brin and Williams (1955) and of Moore and 
Doran (1962) presented in Table i. The weights (mg./liver) of the 
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various lipid fractions in the livers of the embr>'o during the last 9 days 
of incubation arc shown in Fig. 2. After day 15 the pronounced 
increase in total liver lipid was accounted for mainly by the concomitant 
increase in cholesterol ester. Only relatively small increases in the 
amounts of phospholipid and triglyceride occurred from day 15 to day 
2 1 . The concentrations of the various lipid fractions m the diy matter 
of the liver of the developing chick embryo are shown in Table 2. 
The weights (g. per embryo) of the various lipid fractions m the extra- 
hepatic tissues of the embryo during the last week or so 0 meu ation 
are shown in Fig. 3. 

TABLE 2 

Lipid composition {g.jioo g. dry tissue) of the livers of normal chick embryos 
{mean values) 


Time of incubation (<Iays) 15 * 7 ^9 

Total lipid 25-7 29-0 45'J 

Triglyceride 5'®9 4'55 3 4 

Sterol ester ^'7* *3'33 

Free sterol *'*9 * e 

Uncsterified fatty acids I'M J 

Phospholipid 9 7 

As in the liver, the amount of total °er 

proceeded. However, the concentration of ipi m pon-mprablv 
of the extrahepatic tissues (30 per cent on day -as c°^“y 
less than that in the dry matter of the liver ( 5 ^ P^. :«p„bation the 
Unlike the changes in liver lipid that ““^f^whlch 

increases in extrahepatic lipid were mainly u . f ];nid on 
accounted for as much as 75 per cent of the total ext p P 

\he fatty acid compositions of the 
isolated from the yolk, 3^51^ of incubation oleic 

chick embryo are shown in Table 3 -^ “I'ntlie volk and the 

acid was the main acid esterilied -i* cholesterol m the yolk and 
concentration of this acid in the cholesterol ester r action^« 
progressively throughout -hok Pe"od^of occurred 

the large increases in the amounts ol cs mmoosition 

in the liver during embryonic development, *0 ‘htty^aadjompo^s.t^^^ 

of the cholesterol esters remained ^ eons^ cholesterol esters, 

accounted for almost 8o per cent of r^nmnnsition of the yolk 

It is interesting to note that the fatty aci ,j,ole embryo (liver 

cholesterol esters and the cholesterol P‘c^ ° ^ of incubation 

plus extrahepatic tissues) was very’ sim oho-pholipid fractions 

(Table 4). The fatty acid composUion of the P^^.pho^^^ 

isolated from the yolks, hvc« Offhe various fatty acids present 

chick cmbry'os are shown in 1 able 5. ^ricl a relatively 

in the yolk phospholipids only docosahcxaeno.c acid, 
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minor component, showed any consistent decrease in concentration as 
development proceeded. This progressive decrease in the concentra- 
tion of docosahexaenoic acid in the yolk strongly suggests that the 
developing embryo preferentially utilises those yolk phospholipids that 
contained large proportions of this C22 polyunsaturated acid. At all 



Fig. 3. Mean weights of total lipid (•), triglyceride (A), phospholipid 
(a) and cholesterol ester (o) in the extrahepatic tissues at various 
stages of embryonic development. 

stages of development, the fatty acid composition of the yolk phospho- 
lipids was characteristically different in certain respects from that of 
the liver phospholipids. The liver phospholipids contained consider- 
ably more stearic, arachidonic and docosahexaenoic acids and con- 
siderably less palmitic and oleic acids than did the yolk phospholipids. 
The concentrations of palmitic and stearic acid in the extrahepatic 
phospholipids were very similar to the concentrations of these two 
saturated acids in the yolk phospholipids. However, the extrahepatic 
phospholipids contained less oleic acid and more G20 and C32 poly- 
unsaturated acids than did the yolk phospholipids. 

The fatty acid composition of the triglyceride fractions isolated from 
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the yolks, livers and extrahepatic tissues of the developing chick embryo 
are shown in Table 6. With the exception of linoleic acid the fatty acid 
composition of the yolk triglycerides remained fairly constant during 
incubation. The concentration of docosahexaenoic acid in the liver 
triglycerides was surprisingly high and it seems unlikely that the 
docosahexaenoic acid in the liver triglycerides was derive rom t e 


TABLE 3 

Fatty acid composition {molar percentage) of the cholesterol ester fractions 
obtained from the tissues of normal chick embryos 
(mean values) 


Time of incubation 


(days) 


16:0 

18:2 

( 

0 

15-0 

25-9 

Yolk-^ 

>3 

180 

17-2 

1 

J9 

6-6 

>4*4 

Liver- 

tis 

l>9 

3'5 

2*2 

9-8 

11*2 

Extra-hepatic^ 

113 

>3-5 

177 

tissues^ 

L‘9 

10*3 

19*5 


Fatty acids 


i8;i 

18:0 

20:4 

22:6 

39-7 

3-8 

>'3 

27 

467 

7-8 

I'O 

17 

676 

4-3 

07 

>‘4 

75*7 

3-J 

I -4 

4*2 

78*4 

3*4 

i’4 

>'5 

42-8 

5’3 

5-0 

4’3 

506 

5*5 

2-9 

2'I 


TABLE 4 

Comparison of the oleic acid concentrations in the cholesterol ester fractions of the 
yolk and whole embryo 


Time of incubation 
(days) 

n 

15 

•7 

>9 

21 


Yolk Whole embryo 

46-7 49-5 

56-8 6o-i 

66- 5 63-9 

67- 6 697 

73'5 72-3 


table 5 

Fatty acid composition (molar percentage) of the phospholipid fractions obtained 
from the tissues of normal chick embryos 

(rrtenn 7l/lht£S\ 


Time of incubati 

an 


(days) 


16:0 


0 

29-5 

Yolk.^ 

>3 

3>-> 


l 19 

29-8 

Liver* 

>3 

227 

1 

1 ‘9 

17-6 

Extra-hepatic 

>3 

34- « 

tissues 

l.>9 

3>'9 


i8:2 

14*5 

14-2 
13*3 
1 1-6 
14-9 
90 

I2'l 


Fatty acids 



18:1 >3=0 

25-4 >5-9 

277 >4'9 

29-3 ‘77 

8-2 23-9 

8-5 250 

20-9 • 

196 >37 


20:4 

4'4 

3-0 

3-8 

204 

18O 

7-8 

7-3 


22:6 

70 

50 

17 

1 03 
12-3 
6-0 
4-6 
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volk triglycerides. However, it should be remembered that the docosa- 
hexaenoic acid content of the yolk phospholipids decreased markedly 
during incubation. In the triglycerides of both liver and extrahepatic 
tissues the proportion of arachidonic and docosahexaenoic acids 
decreased whereas the proportion of oleic acid increased as develop- 
ment of the embryo took place. With regard to the possibility of there 


TABLE 6 

Fatty acid composition [molar percentage) of the triglyceride fractions obtained 
from the tissues of normal chick embryo 
{^an values) 


Time of incubation r 
(days) 

i6;o 

18:2 

18:1 

18:0 

20:4 

22:6 

( 

o 

24-8 

1 6-5 

47-8 

5'9 

<0-2 

<0-2 

Yolk-^ 


25-6 

12-0 

49-9 

6-3 

0-3 

0-5 

1 

Lig 

26*1 

13*4 

49-8 

5*3 

0-3 

0-7 

Livery 

I 13 

23-4 

8-3 

30-4 

8-8 

3’5 

20-1 

L »9 

2I'6 

7-6 

37*5 

9-5 

2-8 

I 5'5 

Extra-hepatic 

f '3 

29-8 

13-8 

34-7 

7-8 

2-3 

6*4 

tissues 

1'9 

30-9 

138 

41-3 

6-8 

I'O 

1*5 




TABLE 7 





The fatly acid composition {molar percentage) of the various phospholipids present 
in the yolk of the unincubated egg 


Polyglycero- 
phosphatide 
Phosphatidyl 
ethanolamine 
Phosphatidyl serine 
Phosphatidyl 
choline 

Sphingomyelin 

Lyso-phosphatidyl 

choline 


iG;o 

18:2 

3»'3 

50 

21-2 

90 

29-6 

6-4 

355 

14*0 

37'9 

0-2 

28-0 

150 


Fatty acids 


18:1 

18:0 

18*4 

158 

150 

29-5 

130 

24-3 

26-5 

14-7 

21-5 

i6-o 

i8’2 

22-6 


20:4 

22:6 

2*0 

<r-o 

12-9 

8*0 

8-4 

1*2 

4-3 

2*7 

<I'0 

<r-o 

<ro 

<1-0 


being a preferential utilisation of a yolk phospholipid fraction parti- 
cularly rich in docosahexaenoic acid, the results shown in Tabic 7 
indicate that the major source of docosahexaenoic acid in the yolk 
phospholipids in the unincubated egg is in fact phosphatidyl cthanola- 
minc. During the first fortnight or so of embryonic development there 
was a marked decrease in the concentration of phosphatidyl ethanol- 
amine (expressed as a percentage of total phospholipid) in tlie yolk 
(Table 8). However, the concentration of docosahexaenoic acid in 
the yolk phosphatidyl ethanolamine also decreased during incubation 
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(Table 9). Thus, not only did there appear to be a preferential 
utilisation of yolk phosphatidyl ethanolamine during incubation but 
also a preferential utilisation of those phosphatidyl ethanolamine 
molecules containing docosahexaenoic acid. 

The effect of mtamin deficiency^ on the lipids of the yolks, livers and extra- 
hepatic tissues of the developing chick embryo 

The concentrations (g./ioo g. dry tissue) of the various lipid frac- 
tions in the livers of the control and vitamin Bia-deficient embryos 
(parent hens depleted of vitamin Bjj for 8 months) after 17 days ol 

TABLE 8 

The concentrations of the individual phospholipids {expressed as a percentage of 
total phospholipid) in the yolk during incubation 
{mean values) 


Time of incubation (days) 

0 

»3 

Polyglycerophosphatidc 

3-6 

j-i 

9-2 

Phosphatidyl ethanolamine 

1 6-0 

Phosphatidyl serine 
Phosphatidyl choline 

*'4 

69-5 

79'7 

Sphingomyelin 

6-0 

4’2 

3-8 

Lysophosphatidyl choline 

3-6 


TABLE 9 

The fatty acid composition {molar percentage) of the phosphatidyl ethanolamine 
present in the yolk during incubation 
{mean values) 


Time of incubation 
(days) 
o 
»3 
*9 




Fatty 

acids 

16:0 

18:2 

18:1 

18:0 

2 1 '2 

22 ’3 
22*4 

90 

9*0 

lO'I 

150 

15-4 

19*3 

295 

26- 0 

27- 6 


22 :G 
80 
40 
1 9 


TABLE 10 

Lipid composition {g.jioo g. dry tissue) of the livers of control and vitamin 
dejicient chick embryos {17 days) 

{mean values) 

Control Deficient 

Total lipid 

Sterol ester *3’3 tl-o* 

Triglyceride 4'« 

Phospholipid 9 ” 

♦ Significantly dilTcrcnt (P<o-ol) from that tn tlic control tml.tyo 
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incubation are shown in Table lo. The corresponding results for 
embryos derived from hens that had been depleted of vitamin Bij tor 
I.; months are shotvn in Table ii. When the parent hens had been 
depleted of vitamin for only 8 months there was no significant 
difference in the total lipid content of control and deficient embryos. 
Nevertheless, a histological study of portions of the control and deficient 
livers revealed the same differences in size of the fat vacuoles in the 
liver cells as had been noted by Ferguson et al. (1955). The results 

TABLE 11 

Lipid composition {g-lsoo g. dry tissue) of the livers of control and vitamin 
deficient chick embryos fjy days) 



(mean values) 



Corttrol 

Deficient 

Total lipid 

27.3 

37*9* 

Sterol ester 

9-7 

2-5* 

Triglyceride 

2-9 

17 - 0 * 

Phospholipid 

103 

8’5 


* Significantly different (P< 0 ‘Oi) from that in the control embryos. 


TABLE 12 

Lipid composition {g.jioo g. dry tissue) of the livers of control and vitamin 
deficient chick embryos 
(mean values) 


Time or incubation 

Control 

Deficient 

(days) 

*5 

*9 

*5 

19 

Total lipid 

257 

45* » 

28 't 

37*5 

Sterol ester 

8-7 

3*'5 

55* 

22-4* 

Triglyceride 

5-* 

3*4 

8-2* 

5-0* 

Phospholipid 

8-6 

70 

11*4 

7-2 


* Significantly different (P<o-oi) from that in the control embryos. 

given in Table 1 1 show that there was a significantly higher concentra- 
tion of total lipid in the liver of the deficient embryos derived from 
parent hens that had been deprived of vitamin for 15 months. 
However, as is evident from both Tables 10 and ii "the most striking 
effect of ritamin Bj, deficiency on the liver lipids of the chick embryo is 
observed on the proportions of the sterol ester and triglyceride fractions. 
Vitamin Bjj deficiency markedly reduced the concentration of sterol 
ester and increased the proportion of triglyceride. This cfTect is also 
apparent in the liver of 15- and 19-day embryos (Table 12) but the 
differences arc not as striking as in the 1 7-day embryos. That the effects 
of ritamin Bj* deficiency on the liver lipids were apparently greater on 
day 17 than on day 19 may be explained by the fact that maximum 
mortality due to vitamin B,, deficiency’ occurs at 17 days of incubation 
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and embryos surviving beyond this stage have greater reserves of the 
vitamin. 

Vitamin Bjj deficiency did not appear to affect the concentration 
of total phospholipid in the embryonic livers but analysis of the indi- 
vidual liver phospholipids (by chromatography on columns of silicic 
acid) did reveal a slightly lower proportion of leeithin and a somewhat 

higher proportion of sphingomyelin in the phospholipids of the e cient 


TABLE 13 

Phospholipid composition [percentage of total phospholipid) of the livers of control 
and vitamin Bi2~d£jicient chick embryos [ly days) 

{mean values) 


Polyglycero- Phospho- 

phosphatide Kephatin inositide 

+Bi, 8-7 23-8 5'4 

-Bi, 91 238 

• SignlHcantly different (P<o-oi) from that in 


Lecithin 

54-5 
5' -3* 


Sphingo- 

myelin 

6*9 

8-9* 


the control embryos. 


TABLE 14 

Fatty acid composition (molar percentage) of the 

obtained from the livers of control and vitamin Bi^-defeient chick y 

[mean values) 

Fatty acids 


Time of incubation 1 6:o 




2-3 

2-4 

2-6 

3'9 

2-4 

2*2 


18:2 

12-7 

i3'7 

12-4 

9-1* 

10-8* 

10*7 


18:1 

77-2 

77-3 

77*1 

765 

799 

784 


j8:o 

2-0 

2-8 

3-3 

2-8 

2-6 

2-4 


2-2 

1-6 


3-6 


1-9 

0*9 


t'S 

0-9 


; Significantly different (P<o o.) from that in the control embryot. 

embryonic livers (Table 13). The “n'trol and vitamin 

esterol ester fractions obtained from the live *t» nfthe oronounced 

Bij-dcficient embryos are given in Table 14. ®P‘ ^.Q^tent of the 

effect of vitamin Bjj deficiency on the c o e of the vitamin did 

embryonic livers it should be “ th’c composition of the fatty 

not appear to influence to any great extent y 

acids csterified with cholesterol. . , r-oriJons obtained 

The fatty acid compositions of the embrjos arc 

from the livers of the control and vitamin h,. . of palmitic, 

given in Table .5. On days 17 and 19 id^ 

and on days 13 and 17 the concentration -/--..ntlv CTcatcr than the 
triglycerides of the deficient cmbiy'os were ‘ t|jc control 

corresponding concentrations in the liver trig > 
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embryos. On the other Jiand, vitamin Bj, deficiency reduced the con- 
centration of oleic acid in the triglycerides of the embryonic liver. The 
fatty acid compositions of the phospholipid fractions obtained from the 
livers of the control and vitamin Bjj-deficient embryos are shown in 
Table i6. Although the effect of vitamin Bjj deficiency on the levels 
of phospholipid in the embryonic liver was not very marked (Tables 

TABLE 15 

Fatly acid composition {molar percentage) of the triglyceride fractions obtained 
from the livers of control and vitamin B^^-defident chick embryos 
{mean values) 

Fatty acids 

Time of incubation — ^ 


(days) 

1610 

18:2 

18:1 

18:0 

20:4 

22:6 

„ f'S 

23-3 

12*5 

33-2 

9-4 

5-0 

II-7 

17 

aa-i 

12*5 

379 

9-6 

4-0 

9-2 

l<9 

an 

136 

39* ‘ ■ 

lO'I 

4*3 

8-1 

[13 

29-2 

:5-8’ 

26*2* 

8-3 

4*7 

11-2 

17 

33-0* 

i6-6» 

=4-7* 

8-2 

4*2 

7-6 


30'8* 

I5’5 

27.1* 

9-7 

3-9 

7-5 


• Significantly different (P<o*oi) from that \vith normal embryos. 


TABLE 16 

Fatty acid composition {molar percentage) of the phospholipid fractions obtained 
from the livers of control and vitamin B^^-defcient chick embryos 
{mean values) 

Fatty acids 

Time of incubation , — 1a , 


(da^ 

p) 

16:0 

i8:a 

18:1 

18:0 

20:4 

22:6 


'13 

22'4 

9-9 

73 

24*6 

26-2 

6-5 

17 

18-4 

15*0 

7-9 

26'9 

22‘I 

7*1 

1 

1.9 

i6-g 

141 

7-7 

27'5 

22*3 

8-2 

B J 

f .3 

28-8* 

11*0 

96 

32-5* 

12 * 6 * 

2 - 3 * 



= 4 - 4 * 

*38 

9*4 

33 - 8 * 

1 2 * 4 * 

3 - 0 * 


L '9 

= 5-3 * 

13* 

8-3 

34 ‘ 4 * 

ir' 2 * 

4 - 2 * 


• Significantly different (P<o-oi) from that in the normal embryos. 


table 17 

Unsaturated: saturated fatty acid ratios in the phospholipid fractions obtained from 
the livers of control and vitamin By^defcient chick embryos 
[mean values) 


Time ofincubation 

(dap) 

Control 

Deficient 

>3 

I *06 

0-58 

*5 

1-17 

0-64 

«7 

*’*5 

0-67 

>9 

n8 

0-62 
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10, ii) the effect on the concentrations of certain of the fatty acids in 
the liver phospholipids was particularly striking. In the phospho- 
lipids of the deficient embryonic livers the concentrations of stearic 
and palmitic acids were consistently greater and the concentrations o 
araehidonic and docosahexaenoic acids consistently less than the 
corresponding concentrations of these acids in the phospholipi s ^ ^ 
control embryonic livers. Attention should be drawn to the act t at 
the misaturated: saturated fatty acid ratio in the phospholipids of the 
deficient embryonic livers were little more than half the corresponding 
ratios in the phospholipids of the control embryonic liver ( a e 17J. 
Vitamin Bja deficiency appeared to have no effect whatsoever on the 
concentration of the major lipid fractions in the extra epatic issues o 
in the yolks at the various stages of the incubation process. The fatty 
acid composition of the major lipid fractions of t e yo were no 
affected by vitamin deficiency. 


Discussion 

The detailed mechanism by which the yoff lipids “P ^ 

the yolk sac membrane is as yet unknown. ^ The yo sac 1 P 
well vascularised but contains no lymphatic system ( ’ of the 

The yolk lipids must therefore be absorbed by the 
yolk sac and transported to the embryo by means o . .. jg„j.atJed 
It is not clear to what extent the yolk Save 

before absorption, for although lipase and leci of incubation 

been demonstrated in the yolk as early as the fourth f J f 
(Needham, 1931), the initially low 

diglycerides, free fatty acids and lysophosp . J proceeds 

early embryo do not appear to increase P . ^^fions). 

. (Moore and^Doran, 196.; Noble and cTerifici- 

At present it is difficult to envisage a reason f P ■ ^{jation, but the 
tion of cholesterol with oleic acid in the y° , ^ the lipid of the 
relatively high concentration ^/^sma oAhe 

chylomicrons and lipoproteins isolated fro P synthesised 

embryo (Schjeide, 1^963) rsfemlly oTa particu 

m the yolk might play some essential role in ,nsnnrted from the 

lipoprotein complex, in which form the hp.d is transported 
yolk to the embryo. , /..c.i compared the 

Isaacks, Davies, Ferguson, Reiser and o ( unincubated 

triglyceride and phospholipid fatty amds m ' ^y concluded 

egg with those in the yolk after incubation . utilised the Cj, 

that during development the embryo triglycerides 

polyunsaturated acids and the oleic acid ^ ^ , qIj. nfiospho- 

and the C,, and polyuj«aturated adds ^ inyestigntion shoiv 
hpids. However, the results of our more d . pliospholipids 

that only the docosahexaenoic acid present in 
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is selectively utilised by the growing embryo. It seems that this 
preferential utilisation of the docosahexacnoic acid of the yolk phospho- 
lipids is, to some extent at least, a reflection of the preferential utilisa- 
tion by the embryo of the yolk phosphatidyl ethanolamine. The 
question now arises whether the embryo has a specific requirement for 
phosphatidyl ethanolamine or for the docosahexaenoic acid that the 
phospholipid contains. If indeed the embryo has a particular require- 
ment for docosahexaenoic acid it seems strange that this acid after its 
preferential absorption from the yolk should be utilised in substantim 
amounts for triglyceride synthesis in the liver. The different fatty acid 
patterns observed for the phospholipids of the yolk, liver and ratra- 
hepatic tissues are consistent with the findings of Hevesy, Levi and 
Rebbe (1938) andBudowski, Bottino and Reiser {1961) that phospho- 
lipids transported from the yolk to the embryo are immediately 
degraded to products that are either utilised to resynthesise new 
phospholipids necessary for embryonic growth or oxidised to furnish 
energy. Although Budowski el al. (1961) maintain that the yolk 
triglyceride that is not oxidatively metabolised by the embryo is re- 
tained without degradation and resynthesis, the rather unusual fatty 
acid composition of the triglycerides of the embryonic liver must 
indicate that new triglyceride molecules were actively synthesised in 
the liver during incubation. The reason for the presence of such high 
levels of docosahexaenoic acid in the triglyceride of the 1 3-day embryo 
is an intriguing problem worthy of further investigation. 

Until a solution is found to the problem of why such large quantities 
of cholesterol oleate accumulate in the liver of the normal chick embryo 
during development, there seems little prospect of explaining why this 
characteristic accumulation of cholesterol oleate is reduced so markedly 
by a deficiency of vitamin Bj^. Nevertheless, as pointed out by Moore 
and Doran (1961), the analogy between the difference in the liver lipids 
of the normal and vitamin Bu-deficient chick embryo and the difference 
in the blood lipids of pernicious anaemia patients before and after 
treatment (Williams, Erickson, Bernstein, Hummel and Macy, 193?) 
is very striking and points to a general participation of vitamin Bu in 
lipid metabolism. By far the most consistent effect of vitamin B^ 
deficiency on the constituent fatty acids of the various liver lipids of the 
chick embryo was that observed on the fatty acids of the total phospho- 
lipid fraction. The effect of vitamin B,2 deficiency on the composition 
and structure of the individual phospholipids of the embryonic liver 
is now being studied in some detail. 
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SOME EFFECTS OF ADRENOCORTIGO- 
TROPHIC HORMONE ON BURSECTOMISED 
AND INTACT CHICKENS 

B. M. Freeman, L. G. Chubb and A. W. Pearson 

Houghton Poultry Research Station, Houghton, Huntingdon 


Synopsis 

The effects of bursectomy and ACTH upon the adrenal gland of 

the young fowl have been investigated. , . . i, , 1 , 

Follotving an injection of ACTH it was found that both sham- 
operated and bursectomised birds exhibit a j in the 

content of the adrenal gland. The fall was caused y a ec 

“X?rg?j2mia and glycols couW be 

wasi ^rg^fiTarr^er response- of bur.ctomi.d cWcB 

after this time-whilst the blood sugar ooncentrat.on of Ae ha-n 

operated birds continued to rise there was no further elevation 
concentration of blood sugar of the bursectomise ir s. a-corbic 
Although bursectomy led to a significant rcduction m the ascorbic 

acid content of the adrenal gland of the therefore eon- 

that ascorbic acid metabolism was not a . synthesise 

eluded that the adrenal gland of the young fowl is able to s> 
corticosteroids ^vithout a depiction of its ascor ic aci 


Introduction 

The bursa of Fabricius, a ‘ympbo-epitbehoid gbnd peeu ^ 
mmature birds, is situated on the dojsal wall of the pr^ 

!ts functions have 1 


, is situated on the dor“I ''-.all ol nc 
ts functions have not been completely clucida c , . cstab- 

incc in conferring immunological competence up and Jaap. 1956: 
'Shed (Chang, Click and ^Vintcr, 1955: ’ addition, cwdcncc 

dueller, ^Volrc and Meyer, i960; Click, 9 rj' i,ptivccn the buna 

las been presented that there is an intcrrc . aland {Pcrck and 

>nd the metabolism of ascorbic acid in the adrenal glancl ( 

'-ilat, i960). _ of .ascorbic acid from the 

It is well knowai that a rapid depict ,.a<5ad with rxogmotu 

'drcnal glands occurs \\'hcn mammals arc s 
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adrenocorticotrophic hormone (AGTH) (Sayers, Sayers, Lewis and 
Long, 1944; Sayers, Sayers; Liang and Long, 1946; Long, 1947; Elton 
and Zarrow, 1955; Howard and Constable, 1958; Elton, Zarrow and 
Zarrow, 1959), but this response has not been observed in the young 
fowl (Jailer and Boas, 1950; Howard and Constable, 1958; Newcomer, 
1959). However, Perek, Eckstein and Eshkol (1959), Perek and 
Eckstein (1959) and Perek and Eilat (1960) found that it was possible 
to elicit such a depletion in the adult fowl after an injection of ACTH, 
a finding contrary to that of Elton and Zarrow (1955) and Elton et al. 
(1959). Perek and Eilat (i960) were further able to show that this 
response was dependent upon there being no bursal tissue present. In 
bursectomised young chickens a single intravenous injection of ACTH 
brought about a significant fall in the ascorbic acid content of the 
adrenal glands ivithin i hr. These findings of Perek and his co- 
workers, however, were not confirmed by the experiments carried out 
by Wolford and Ringer (1962), who used adult birds. 

It has also been shown that in mammals ascorbic acid depletion is 
accompanied by a similar fall in the cholesterol content of the adrenal 
glands (Sayers, Sayers, Fry, White and Long, 1944; Sayers et al., I944) 
1946; Long, 1947; Elton and Zarrow, 1955; Howard and Constable, 
>958; Elton et al., 1959). Similar results have been obtained with both 
the intact immature and mature fowl (Slover, 1955; Howard and 
Constable, 1958; Siegel, 1962). More recently Sato and Click (1964) 
have shown that bursectomy does not affect this response. 

There appears to be some confusion as to whether an injection of 
ACTH leads to hyperglycaemia and glycogenesis in the starving fowl. 
Howard and Constable (1958), Siegel and Beane (1961), Bell (198^) 
and Siegel (1962) have all demonstrated the hyperglycaemic response 
whilst Howard and Constable (1958) and Brown, Brown and Meyer 
(1958) have demonstrated glycogenesis. Urist and Deutsch (i960), 
however, were unable to show the development of a hyperglycaemic 
state. This finding throws some doubt upon the efficacy of the ACTH 
Itself. Elton (1957) has stated that bovine ACTH is not active in the 

ird. Urist and Deutsch (i960) used a freeze-dried preparation. Such 

* '8y Bell (1961) to be inactive but that the 

P‘'Bpiu'cd by Armour Laboratories was active in the bird. 

The experiments reported here were designed to attempt to deter- 
mine whether the bursa of Fabricius is concerned in ascorbic acid 
metabolism m the adrenal gland and whether it is involved in any ivay 
with the functioning of the gland. 


Materials and Methods 

Fowls. All experiments were carried out on 3-wcek-old Brown 
Leghorn chickens orhoth sexes. Bursectomy or sham-burscctomy was 
earned out at i day of age. The technique was essentially tliat of 
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Mueller et al. (ig6o). Following the operations, the birds were reared 
normally on a standard chick starter ration (for the formula see 
Freeman, 1963). Before the experiments were begun the birds were 
starved overnight. Water was available ad libitum. 

Preparation and Administration of ACTH. Fast-acting, lyophilised 
ACTH (Acthar, Armour) was dissolved in physiological saline to give 
a concentration of 50 i.u./ml. Injections were made into the thigh 

muscles (5 or 10 i.u./bird). , u 

Analytical Methods. After a sample of blood has been taken by 
frontal heart puncture the bird was killed by cervical dislocation. 
Coagulation and glycolysis were prevented by adding potassium oxalate 
and sodium fluoride at a concentration of 3 mg. and i mg./m . ^\ o c 

A sample of liver was removed immediately after killing the bird 
and dropped into a weighed tube containing 5 j 

potassium hydroxide. The adrenals were dissectc ou , ° ’ 

weighed and homogenised in 7 ml. 6 per cent (w/v) trichloracetic 

Blood sugar was estimated by the method of Haslewood “d Strook- 
man (iqqql. Liver glycogen was precipitated according to the method 
of Good, Kramer and Somogyi (1933) and after hydrolysis t e con- 
centration of the glucose was determined. rn„. Tfiiether 

Ascorbic acid was determined by the technique of Roe and Kuether 

Cholesterol was extracted from adren^ h^’^^foe^'and'after 

-io=C. by the method of Svatek and I^obloch 
separation into its free and ester forms by 
alumina (see Varley, 1962) the concentrate^ fit' 
determined by the method of Zlatkis, Zak and (’953^- 

Statistical Analysis. A three-way analysis of variance was carried out, 

the factors being group, bursectomy and time. found that 

Experimental Hesign. In preliminary ‘ g. 

the bursa of Fabricius reached its greatest re a i t|,c 

body weight) at 3 weeks ^ ^ a fime at which the influence 

expenments were earned out at this age, 
ofthe bursa might be expected to be at its Breatest 

Presentation of Results. Following the "9^ ‘ ^ inconsistent 

to or.h, .drtol J to “ U"P. I- 

manner; not only was there a \anao 1 ofTcred hut in 

also ivit’hin groups (Table e). No f j anti choI- 

Hew of this finding all the concentrations 

cstcrol have been given in absolute tcrnis^pcrp.^^^^^ ^ 

Four separate c.xperiments wer . ; ,i„| difrerenee w.w 

ACTH/bird and tivo using 10 i.ti./bird. „ , con- 

noted between these results. Consequently the> base 
siticred together. 
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Results 

Effects of Bursectomy upon the Fowl 

It will be seen from Table i that bursectomy did not have any 
significant effect upon the body weight, adrenal weight, total or ester 
cholesterol concentration in the adrenal glands, or upon the blood sugar 
concentration, although the effect was not consistent from group to 
group. There was, however, a consistent and significant reduction in 
the ascorbic acid concentration of the adrenal glands of the bursectom- 
ised chickens (P<0'00i). 

Effect of a Single Injection of ACTH upon Bursectomised and Sham-operated 
Chickens 

Adrenal Weight. The results were extremely variable (Table 2). 
In two of the four groups of bursectomised chickens there was a signi- 
ficant fall in adrenal weight, but only in group i sham-operated birds 
was there a similar change. It is particularly noteworthy, however, 


1*10. 1. 



relative growtl, curve of the buraa orFabricim ofBroivn 
Leghorn chiclera during the firat five weeks of life. 
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that there was no evidence of adrenal hypertrophy 6 hr. after the 
injection of ACTH although a transient rise of doubtful significance 
was noted 2 hr. after injection. 

Adrenal Ascorbic Acid. Results were variable with both bursectomised 
and sham-operated birds. The only significant fall was noted with 
group 2 sham-operated birds. The bursectomised birds o group 3 
showed a significant rise in adrenal ascorbic acid (Table 3 ).^ 

Adrenal Cholesterol. Consistent results were obtained in all tlie 


TABLE I 

Effects of bursectomy upon the fowl 


No. of 
obs. 


Body weight (g.) 4 ^ 

Adrenal weight (mg.) 4 ^ 

Total cholesterol (/^g.) 2 1 

Ester cholesterol (^g.) 

Blood sugar (mg./i 00 ml.) 24 

Adrenal ascorbic acid (ftg.) 24 


Bursectomised 

98-6± 4-3* 
i8-9± 098 
323 ' 4 ± 32'9 
2761 ±30-7 
a38*9±il*5 
28 ' 5 ± 2*8 
* Mean±S.E.M. 


Sham-operated 

l02-7± 4'3 
i8-8± 098 
302-9±32'9 
239'8±307 
235-1 ±11-5 
35-3± “'8 


Significance 
Not significant 
Not significant 
Not significant 
Not significant 
Not significant 
P<o-ooi 


TABLE 2 

Effects of ACTH upon the weight of the adrenal glan^ f^smatTm^^ 

sham-operated birds. Each figure ts the mean of 48 observations 

Standard error of the mean=0'98 

3 


Hours after 
injection 


Burs. Sham Burr. 


2fO 

20-1 

16-3 


« 7-3 
18-9 
1 1-6* 


«5'3 

I9-3* 

i5'7 


20-3 

21 5 


20-0 

24 - 9 * 

t2-5* 


Sham 
18-4 
20 6 
20 2 


tg 2 

»7-o 

173 


* 9-4 

187 

19-5 


• Figure diirrm significantly from the initial wdsht. 


TABLE 3 r , j ! 

Effects of ACTH upon the total content of ascorbic 

gland of bursectomised and sham-operated birds. Each figure ,s t 

mean of 24 observations 
Smndard error of the mc.in = 2 8 

3 i 


Hours after 
injection 


Ilun. Sham 

ntirs. 

Sham 

32 1 3^ 0 

24 1 

34 7 

32 0 sfl 0 

2St> 

27 5 

aC 9 37 « 

S'* 4 

24 3 * 

• Signinmnlly diirrtmt from mins! o 


Ikin 

263 

2 flO 
3 *^ 3 * 


Sham 

3^4 


iJun 

31 

3 *’ 7 

3»0 


Sham 
40 o 

3: S 
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experiments, thereby allowing amalgamation of the figures. The 
response was found to be similar in bursectomised and sham-operated 
birds. Within 2 hr. of the administration of ACTH there was a detect- 
able fall in the total cholesterol content of the adrenals. This was 
particularly marked at 6 hr. (P<0'00i). It will be noted from Fig. 2 
that by the sixth hour there was a little evidence to suggest that the 
response was almost maximal for the bursectomised birds, whilst the 
sham-operated birds continued to show the same depletion rate as they 
had at 2 hr. It will be further noted that the depletion was caused 
mainly by a fall in the esterified cholesterol. 

Blood Plasma Sugar. Again the results could be amalgamated. It 
will be seen from Fig. 3 that there were distinct rises of approximately 
the same magnitude within 2 hr. in both the bursectomised and the 
sham-operated birds. However, at 6 hr. post-injection the response 
was found to be significantly different. Whilst the blood sugar con- 
centration continued to rise in the sham-operated birds to a level of 
317 mg./ioo ml., that of the bursectomised birds remained at a constant 
level of 279 mg./ioo ml. This difference in response was found to be 
significant at the c i per cent level. 

Liver Glycogen. Only one experiment was carried out. Glycogenesis 
was demonstrated on both bursectomised and sham-operated birds. 
The rise in the liver glycogen was significant after 6 hr. in the sham- 
operated birds (P<0'05), but only approached significance in the 
bursectomised birds (Table 4). 



Flo. a. The cITcct of ACTH upon the adrenal cholesterol of burscc- 
tonmirf .and sh.amKiperated birds. Each point is the mean ofal ob- 
sen-ations. A. Tohal cholesterol S.E.M.=32.g /J. Ester chol- 
esterol S.r..M.=30-7 ,,g. a / b 
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Discussion 

The adrenocorticotrophic hormone preparation used in these 
experiments (Acthar, Armour) was found to be active. Evidence of 
hyperglycaemia and adrenal cholesterol depletion was obtained within 
2 hr. of an intramuscular injection of the hormone. The view of Elton 
(1957) that all preparations from bovine sources have no activity in the 
bird cannot therefore be accepted as correct. 

Whilst there were very variable effects upon the adrenal glands 
after the administration of ACTH, there was no evidence of hypertrophy 
as Terek and Eilat (i960) were able to show. Rather the present results 
confirm the general impression that the adrenal gland of the fowl is 
relatively insensitive to stress when measured by the degree of hyper- 
trophy. Conner (1959), Siegel and Beane (1961) and Wolford and 
Ringer (1962) were all unable to detect hypertrophy after a single dose 
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of ACTH, whilst Newcomer and Connally (i960) found that the adrenal 
hypertrophied only after 12 days’ treatment with 6 i.u. ACTH/day. 

It is generally accepted that there is no adrenal ascorbic acid 
depletion in the young fowl with an intact bursa (Jailer and Boas, 
1950; Howard and Constable, 1958; Perek et al., 1959; Perek and Eilat, 
1960) and this has again been confirmed here. All the evidence that 
the bursa of Fabricius influences ascorbic acid metabolism in the adrenal 
gland is due to Perek and his co-workers (Perek and Eckstein, 1959; 
Perek and Eilat, i960). In the present experiments it was found that 
although bursectomy led to a highly significant fall in the normal 
concentration of the vitamin in the gland (Table i) there was no 
evidence that the absence of the bursa resulted in depletion when the 

TABLE 4 

Effect of 5 i.u. ACTH on the glycogen content of the liver 

Hours after Burscctomiscd Shams 

injection mg./g. mg./g. 

o o-5±oio(5) !0±0'30(6) 

a i-o±o- 37 ( 5 ) i- 7 ±o- 33 ( 6 ) 

G 3'8±2-33(3) 4-6± i -30(6)» 

* Significant rise between o and 6 hr. 

bird was stressed with ACTH. The results from the burscctomiscd 
birds arc consistent, rather with those of Elton et al, (1959) and Wolford 
and Ringer (1962) who found no ascorbic acid depletion in adult birds. 
It must be pointed out, however, that the present workers administered 
the ACTH by a dificrent route and that a different breed of fowl was 
used. 

It is perhaps notervorthy that other types of stress, such as heat and 
coM, have also been found not to influence the adrenal ascorbic level 
Zarrow, 1955; Elton et al., 1959) whilst chicks infected rvith 
Emma trnella show a significant elevation in adrenal ascorbic acid 
(Challey, igfio, 1962). 

Eire finding that adrenal cholesterol is depleted following an injec- 
t ion 01 ACTH is in agreement with the work of Howard and Constable 
(1958 , Siegel .and Beane (19G1), Siegel (1962) .and Sato and Click 
(1964), but IS contr.aiy- to the findings of Elton and Zarrow (i955)> 
l-.lton et fl/. (1959) and Newcomer (1959). The failure of these latter 
authors to detect any cholesterol depletion may have been due, in part, 
to either .a non-active preparation of ACTH or tliat the correct dose/ 
time relationship had not been evaluated. As would be c.\pcctcd tlic 
present avperiments show that the fall in the total cholesterol concen- 
tration from the adrenal was due mainly to the utilisation of the 
estenned form. 

1 lie rise in the blood plasma sugar concentration and tlie deposition 
orglycogen in tlic liver of tlie starving burscctomised and sham-operated 
bird w.as noted svithin 2 Iir. of ilie administration of ACTH iliereby 
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demonstrating that the synthesis and the secretion of glucocorticoids 
takes place at this age. 

It is of great interest that there should be such a marked difference 
in the blood sugar response of the bursectomised birds. Whilst a 
hyperglycaemic state was still developing after 6 hr. in the sham- 
operated birds, the maximal responseof the bursectomised birds appears 
to have been reached between 2 and 6 hr. This apparent interference 
with carbohydrate metabolism has not been previously described and at 
the present state of knowledge no explanation can be advanced. 

The results confirm those of Nagra, Baum and Meyer (i960) that 
the adrenal gland of the young chicken is able to actively synthesise 
and secrete corticosteroids and it appears that these processes do not 
involve the utilisation of ascorbic acid. Furthermore bursectomised 
birds cannot be considered to be of any greater value in assessing stress 
than the normal fowl. 
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ON THE PLASMA GLUCOSE AND 
UNESTERIFIED FATTY ACIDS OF 
THE DOMESTIC FOWL 


P. J. Heald 
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Synopsis 

The levels of plasma FFA in both laying and immature birds u<mc 
not depleted by intravenous injections of glucose (1*5 ° T 

weight) which doubled the level of plasma glucose for 15-30 min. 

(1-5 i.u./kg.) depleted plasma glucose in both starved and fed birds 
independent of the physiological state and induced an immediate and 
large increase in the plasma FFA. Glucagon also induced a arg 
increase in plasma FFA simultaneously with the increase m P “ma 
glucose, in both laying and immature birds, ai^ in epen cn > 
whethe^ the birds were fasted or fed. These effect 
glucagon were not abolished by pretreating the bir s tw P, 

(to mg./kg. body weight) or svith hexamcthonium bromide (5 mg^t-g- 
body weight). It is considered that the respome in p ^ p^.. 

glucagon may be a result of the direct action of this cim'ihr 

acid release from the adipose tissue and that insulin promo • 

response by stimulating an increased release of g ucago 
pancreas. 
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lipids increased markedly, shortly before laying commenced, the 
quantities of FFA reaching some 4,000/t eqmv/htre of plasma belore 
fallm g to lower levels when the first egg was laid (Heald and Badman, 
1063). It was also demonstrated that the increased levels were not 
the result of impaired utilisation of fatty acids since isotopic clearance 
studies with palmitate showed that the clearance was greatest 
when the fatty acid concentration was highest. ^ Of several factors 
found to increase the levels of plasma FFA in the bird, oestrogens were 
highly effective (Heald and Rookledge, 1964). It was noted, however, 
that under such conditions no change occurred in the levels of plasma 
glucose. Further, an earlier study by Bell (1957) had shown that the 
levels of blood glucose were the same in both laying and immature 

' . . UP, 

In non-ruminant mammalian species, it appears to be well estab- 
lished that the levels of plasma FFA and glucose are determined partly 
by the caloric need of the animal and partly by the availability of 
glucose (Masoro, 1962). Thus low levels of plasma FFA are found in 
situations in which the level of plasma glucose has been raised by injec- 
tion of glucose or glucagon, or the utilisation of glucose increased by 
administration of insulin. Conversely, high levels of. plasma fatty 
acids are associated with situations such as starvation in which the 
availability of glucose is reduced. More recently, in the ruminant, 
principally the dairy cow, the responses of plasma FFA to feeding, 
fasting and to the administration of glucose and insulin have been 
shown to resemble those found in the non-ruminant mammal (Kronfeld, 

1965)- 

The apparent independence of plasma FFA and glucose levels m 
the bird therefore prompted an examination of the effects of exogenous 
glucose, insulin and glucagon on the plasma FFA. 

Materials and Methods 

Birds. The birds used were a white Leghorn cross (CCA X CRM) 
supplied by Cyril Thornber Ltd, Mytholmroyd, Halifax, Yorkshire. 
They were housed in individual cages in windowless rooms at an aver- 
age temperature of i2-8°C. Layingbirds were subjected to 14 hr. light 

in each 24 hr. commencing at 6.00 a.m. and ending at 8.00 p.m- 
Immature birds were similarly housed and subjected to 10 hr. light m 
each 24 hr. commencing at 8.00 a.m. and ending at 6.00 p.m. Food 
and water was supplied ad libitum. 

Blood Samples. Samples of blood (1-1-5 ™b) were withdrawn via 
the wing veins into a syringe wetted with aqueous heparin (750 i.u./ml.) 
and transferred to tubes containing 10 mg. of the oxalate mixture of 
Wintrobe (1942). Plasma was obtained by centrifuging within 20 
min. of the blood being collected. The total number of samples 
taken from any one bird was restricted to five or six. 

Plasma Analjssis. Plasma free fatty acids were determined by the 
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method of Dole and Meinertz (i960) scaled down to permit use 
of 0-5 ml. of plasma. The titration was performed as described by 
Tarrant, Thompson and Wright (19612). Glucose was determined in 
aliquots of o-i ml. using the glucose oxidase reagent of Hugget and 
Nixon (1957). 

Hormones. Glucagon of porcine origin recrystallised i2x and lox, 
and crystalline porcine insulin free from glucagon, were gifts from Novo 
Therapeutic Laboratories, Copenhagen. 

Drugs. Reserpine and hexamethonium bromide were gilts irom 
Mr C. Ashford, Crookes Laboratories Ltd, Park Royal, N.W.io. 

Injections. Glucose was dissolved in 0-9 per cent w/v NaCl to yield a 
concentration of 30 g./ioo ml. LFsually 5-6 ml. of this so ution was 
injected i.v. via the wing vein. Glucagon and insulin \yere dissolved 
in 0-9 per cent w/v NaCl solution in such concentrations that the 
volumes injected were below 0 5 ml. 


Results 

Glucose. The injection of glucose (1-5 g./kf 
laying birds was followed by a prompt rise m the ® ® P . 
glucose which quickly returned to the normal i^ues wi i 3 
No change was\oted in the levels of plasma FFA (F-g; ;)-^^^Ysed 

starvedimmaturebirds, in which the levels of plasnia , , j ingi) 

above those in the fed immature bird (Heald an 00 g > 
injection of glucose also produced little major effec o -xtrcmcly 
plasma FFA (Fig. 2). The clearance ofglucose was 

rapid and in an attempt to maintain a higher concentration for a longer 
period of time glucagon was administered. j. , 

Glucagon. Intravenous injection of glucagon (0 2 gf 
lowed by a rapid increase in both plasma glucose and FFA.^^ 1 

occurred in birds which were in lay The response 

of whether the birds had been fed or starved { 

in the plasma glucose in starved birds was css ,,,1, of staiving 

sumably owing to a lowered level ofliver glycogen as a result ofst.ws-i g 

(Hazelwood and Lorenz, I 959 )- administered the levels 

Insulin. When insulin { I -o-i 5 However simultaneously 

of plasma glucose decreased as expected. FFA. This 

there was a rapid and large increase in the esc s p ‘ ‘ j jp 

is illustrated in Fig. 3 for a group of fed levels of 

noted that the levels of plasma FFA rose „.l,cn plasma 

plasma glucose dccrc.ased, returning to the nor ‘ ^..,5 aPo found in 

glucose also returned towards normal. I us c nroloneed the 

stars-ed birds. Increasing the dosage of ITA 

effect (Fig. 4). Thus, svith a dose level o 5 • ' experiment) 

remained derated for up to 4-0 hr. (the dura 1 ,\t no 

"■Idle the phasma glucose rcm.aincd sul)st.-in 1 pp.f .xclis ity. 

time were the birds unconscious or shosved signs o 
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Reserpine, Hexamethonium and Response to Glucagon and Insulin. The 
results obtained above were contrary to those obtained wdth mammalian 
species and in seeking an explanation, adrenergic stimulation was con- 
sidered as a possibility. This was also prompted by the observation tha^ 



Fio. I . ElTcct of injecting glucose (1-5 g./kg. body weight) on plasma 
FFA and glucose Icvcb of fed la)dng birds (30-35 weeks of age). 

Each point is an average of 4 birds. • • plasma glucose; 

O “O plasma FFA. Initial absolute values were: glucose 
220 mg./ioo ml, (179*252). FFA i,88o;i cquiv/litrc (1,220-3,760). 



Fio. 2. EHTcct of Injecting glucose (1-5 kg./body wciglu) on l!»c 
plaima FFA and glucose levels in immature star\*ed birds (aged 13-lG 

>*'rr‘kj). Kach point ti l!»c mean from 3 birds. • • plasma 

FFA; 0—0 plasma glucose. Initial absolute salunt VTfc: 
glucose 338 mg./loo ml. (336-357). FFA ttrsii eciuiv/litre 
(615.1.190). 
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Fio. 3. Efiects of insulin {i*5 i.u./kg. on. plasma FFA and glucose 

of fed immature birds aged 13-16 weeks. • •, plasma FFA; 

0 O plasma glucose. Initial absolute values were: glucose 

216 mg./too ml. (211-236) FFA 339^1 cquiv/litrc (76-555). 



1 10. 4, l.fTrci of insulin (50 bu./kg.) on plasma FFA and glucose 
\r\ rU in fnl iminaiurc bir^U (age 16 wcek»). Fjcb i>oini Is the ax-er- 

age of three WrUi. • « and o o. plaima FFA and 

Kluctw le>Tli in htnl* rrccivint; insulin; • • and O O, 

plaima S I A aiwl glucose Irvrh in birds rrcriving an rquixTilen! 
a?n')*.ini of saline. Alnolute atarfing a-alues; fre 1-3. 
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injection of glucagon was followed by a gasping response lasting 2-5 
min. In mammals it has been shown that glucagon or insulin induce a 
release of catecholamines from the adrenal medulla (Bethune, Goldfien, 
Zileli and Despointes, 1957; Sarcione, Back, Sokal, Mehiman and 
Knoblock, 1963) into the blood stream. In the fowl, the major adrenal 
catecholamine is nor-adrenaline (Shepherd and West, 1951) and since 
infusion of nor-adrenaline in the dog has been found to induce increased 



Fio. 5. Effects of insulin (1-5 i-u./kg-) “"’I teed ^6 

on the plasma FFA and glucose in f. ml/ke.) 

weeks) previously treated with hexamethOTium bro ^ 

receiving insulin; • • 3**^ ^ were: 

glucose in birds receiving glucagon. Absolute starti g 
see Figs. 1-3. 

levels of plasma fatty acids (Fcigelson, Ffaff, j'„i„._„drcnaline 

■961) it was thought possible that a similar resp 

might be occurring in the fowl. tn-o tr. kg.) though 

Direct intravenous injection of nor-adren. - igoU) 

increasing plasma glucose by 25 per cent 3 ° increase ’in the 

and evoking a gasping response did 5i„,p|y tli.-it the 

plasma FFA. Hotvever, such .a result could ^4 conceiitrn- 

catecholamine ^vas destroyed before reaching a to drjilrtc 

tion in the adipose tissue. Attempts were t icrc jiviulin. 

the adrenals of catecholamines before ^ Schuman, lOj^) 

U has been shown (Burak, ^Vc^^c^ and p ,* drplrtcd Iw 

that the adrenal catecholamines of the a u - injection of rcsrrpinr 
90-93 per cent within 5 days of an imramuscu a . trc.nct! 

(10 mg./kg. body weight). Laying and imniaiur 
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with reserpine and after 5 days were injected with glucagon or insulin. 
The results (Table 2) showed that this treatment did not affect the 
pattern of the response which was identical with that previously found 
in birds not receiving reserpine. 

In these experiments it was assumed that reserpine also depleted 
the catecholamines in the nerve endings in the adipose tissue. Though 
this has been shown to be true for the rat (Paoletti, Smith, Maickel and 
Brodie, 1961) a similar effect has not yet been demonstrated in the bird 
and an alternate approach, prevention of the release of nor-adrenaline, 
was therefore used employing hexamethonium bromide as a blocking 
agent. 

Birds were treated intravenously with hexamethonium bromide 
(5 mg./kg.) 30 min. before a further dose (5 mg./kg.) was given i.v. 
together with glucagon or insulin. The levels of plasma FFA rose 
promptly and to as great an extent as in untreated birds and returned 
to normal within 2-3 hr, after the injection (Fig. 5). 


Discussion 

The results described above raise several points some of which may 
be briefly mentioned. 

First, it seems clear that the domestic fowl responds to glucagon or 
insulin in a manner totally different from that so far generally described 
for the mammalian species, though a careful examination of the 
literature regarding mammals reveals certain indications of a possibly 
similar though quantitatively smaller response. Thus, although 
injection of insulin in man, dog or rabbit leads to a prompt decrease in 
the levels of plasma glucose and FFA (Dole, 1956; Bierman, Dole and 
Roberts, 1957; Bierman, Schwartz and Dole, 1957; Laurell, I 957 J 
Armstrong, Steele, Altzulcr, Dunn, Bishop and De Bodo, i96i)j 
insulin, if infused at a rate of 0*05-0*2 i.u./kh./min. into tlic dog leads 
to an initial depression in plasma FFA followed by an increase. Further, 
glucagon which in vitro stimulates the release of FFA from mammalian 
adipose tissue (Steinberg, Shafrir and Vaughan, 1959; Hagen, 1961) 
also induces a rapid transient rise in plasma FFA when administered 
m patients with hepatitis (Dricling, Bierman, Debos, Elsbach and 
Schwartz, 1962). 

The results with birds treated with reserpine or hexamethonium 
suggest strongly that catecholamine release plays little, if any, part in 
Uic increased plasma FF A. Indeed when this ^\’o^k had been completed, 
Carlson, Liljcdahl, \^erdy and Wirsen (19G4) reported tliat the steady 
intravenous infusion of nor-adrcnalinc in the fowl failed to increase the 
c\rls of plasma IIA tliough the systolic pressure was greatly increased, 
urthcr, these authors showed that adrenaline or //or-adrenalinc did 
not stimulate a release ofFFA from avian adipose tissue in vitro. Similar 
results were found by S. Hart in these laboratories. Such results 
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suggest that the avian adipose tissue is relatively insensitive to catecho- 
lamines in its release of FFA, 

One explanation for the increase in FFA found above could lie in 
the increased ability of avian adipose tissue to respond to glucagon 
(cf. Carlson et al.^ 1964). The increase following insulin injection can 
be similarly ascribed. Thus there is considerable evidence (Berthet, 
1963) that the maintenance of levels of blood glucose in the mammal is 
the resultant of a balance between insulin and glucagon secretion. 
Further, insulin hyperglycaemia is accompanied by an increased level 
of glucagon in the blood. Since the avian pancreas contains some 6-10 
times more glucagon than other species (Vuylsteke and de Duve, 
1953) a similar response of the avian pancreas to insulin could result 
in a release of glucagon in quantities sufficient to increase the levels of 
plasma FFA, Viewed in this manner glucagon, at least in the domestic 
fowl, could be considered to play a significant role in regulating the 
levels of plasma FFA, In this connection it seems reasonable to suggest 
that the increased levels of plasma FFA found in starving mammals 
(Masoro, 1962; Kronfeld, 1965) and in the starving immature bird 
(Heald and Rookledge, 1964) may be the result of increased glucagon 
secretion. 

Other queries arise on consideration of the above results. Thus it 
maybe asked ^vhy the FFA are not rapidly re-esterified as in the mammal 
and thus lead to a fall in the level rather than an increase ? It may be 
suggested that the FFA in the bird do not play a role in caloric stasis 
similar to that in mammals or alternatively that the metabolic system 
of the bird, particularly when in lay, is geared to the production of yolk 
lipids from the circulating fatty acids and not to their conversion to 
depot fats or their oxidation to GOj. It may also be suggested that the 
well-known resistance of the fowl to prolonged insulin hypoglycemia 
is due to an ability to utilise long chain FFA as a cerebral energy source, 
though data arc lacking here. 

The suggestions and speculations made above are open to direct 
experimentation of one type or another and have been made in con- 
forming with the requests of the organisers of this Symposium. It 
seems clear, liowcvcr, that studies on the fo^\’I, by showing up major 
metabolic differences from mammals, could be of value, not merely 
in understanding the physiological processes associated with the changed 
metabolic response but may cast new light upon problems of consider- 
able significance in the metabolism of other species. 
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IN THE HEN OVIDUCT 

N. H. Carey 

Department of Chemical Pathology, 

St Thomas's Hospital Medical School, London, S.E.i 


Synopsis 

The magnum of the oviduct of the laying hen, when homogenised m 
0-44 M sucrose, can be fractionated by differential 
residual 600 g pellet (P.) obtained after extensive washing 
of the DNA of the tissue. Centrifuging at 10,000 ^ gives a mixed 
fraction (I) most of which sedimented at first tat was 

subsequently washed out of it. This fraction was f and 

incorporated amino acids very readily in isolation “ “ 
incubations. A very small 100,000 ^ w 2 

small ability to incorporate amino acids. The ...^cubfraction- 

rcrbfl"®paSta^;esemN 

after a short incubation of the tissue wit r jlructurcs similar in 

suggested that these particles ^ f^^at ly arc in the 

function to the endoplasmic reti , presence represents an 

synthesis of egg-white protciM, and secreting large quantities 

adaptation to the funetion of the tissue in secreting larg q 

of protein. 

Introduction 

It is now generally aecepted cp-Ltors in the cell 

thesised by a particular complex > j.pj,^.„,es have been slioivn 

sap and the endophasmic fprm'i^iino-aexl-ANIP^^ 

to activate ammo acids using All small RN.\ molecule 

and then to transfer the aetb-ated .ammo aeid to a 


• Abbrc\ ntiom: 

p!ic«p}io(cnol)p>ni'.atc 

tramfer RNA; Ta\. tncliloroicrttc 


ATP. 
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(transfer RNA), there being at least one specific activating enzyme and 
tRNA molecule for each amino acid. Polypeptides are believed to be 
formed on the ribonucleoprotein particles of the endoplasmic reticulum 
by the transfer of the amino acid from tRNA to the growing end of the 
polypeptide chain. An RNA molecule called the “inessenger” carries 
in its base sequence the information coding for the amino acid order and 
GTP is also required for peptide bond formation (for example see 
Zubay, 1963). 

Some doubt exists about the operation of this system in the magnum 
of the hen oviduct as a result of the work of Hendler ( 1 956, 1 957, 1 959, 
1961, 1963^). He has shown that centrifuging a homogenate of the 
oviduct does not give rise to the usual spectrum of cell particles. Instead, 
most of the particulate material is sedimented by 600 g applied for 
10 min., so that a normal microsomal fraction is not obtained. In 
addition, he has found that when amino acid was incorporated into 
oviduct cell protein in vitro, lipid-bound amino acids, appeared to be 
intermediates in that they were rapidly labelled, had high specific 
activity and the incorporation into them rapidly reached a plateau. 
On dilution or removal of the radioactive amino acid, the lipid-bound 
activity was rapidly lost, while incorporation into protein continued to 
rise. Hendler has collected evidence to show that the current hypo- 
thesis for the mechanism of protein synthesis ought not to be accepted 
without reservations (Hendler, 1963^) and he has proposed an alter- 
native (Hendler, 1962), 


Results and Discussion 

A few years ago attempts were being made to prepare very radio- 
active egg proteins to use in parallel with free amino acids, in studies 
of protein synthesis in the developing chick embryo (Carey, 1964) 
an endeavour was made to extend Hendler’s work in order to achieve 
this end. It soon became apparent that although most of the particles 
of an oviduct homogenate were sedimented by centrifuging at low 
speed, subsequent washing of the pellet removed material which poss- 
essed different properties from that remaining behind. This new 
fraction was itself particulate and could be sedimented by applying 
10,000 g for 10 min. 

In the initial stages of any study such as this it is difficult to be sure 
of the nature of the cell fractions being separated. In this study, the 
fractions have therefore been given symbols which are as follows; 

Homogenate centrifuged 600 g 10 min. pellet supernatant Si; 
Si centrifuged 10,000 g 10 min. pellet Po supernatant S™; Sj centri- 
fuged 105,000 g 60 min. pellet P3 supernatant S3. Material wliich 
appeared in the supernatants on washing Pj, if it was kept separate, is 
referred to as Pi\V. In tlic later stages, all the 600 g supernatants ^vc^c 
combined, and the sediment produced by applying io,ooo^for 10 min. 
was then referred to as the 1 particle fraction. 
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Fig. 1. The distribution of protein, RNA and DNA between cell 
fractions of the hen oviduct. Each entity is expressed as a percentage 
of the amounts in the unfractionated homogenate. 

Open bars: protein; Solid bars: RNA; Hatched bars: DNA. 


Fig. t shows the distribution of some properties among cell fractions 
obtained from the oviduct. It will be noted that most of the DNA 
IS in the Pj, and this fraction, as is usual, very likely contained the 
nuclei in addition to red cells and unbroken tissue. A large proportion 
of the RNA of the tissue which had sedimented first with the Pj was 
washed out into the PjW, giving this fraction a high RNAiprotein 
ratio. The RNA:protein ratios of the Pj and P3 were also quite high 
but they contained relatively small quantities of material. The Sj 
contained a large proportion of the protein of the homogenate, a result 



I'lc. 2. The incorjjoration of **C*I)'sinc by cell fratuoris of ihc lirn 
oviduct. 

O/ffj 6 ars: activity in ihc protein of Uie fraction, after jnctdia- 
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before fraction.Kion, expresrerj aa a percenlacc of the tin- 
fmctionatril Jiomotjenate. 
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which should be compared with that of the Oades and Brown 
indicating that 95 per cent of the magnum protein was water soluble. 

It is possible that the high RNA content of the cell sap is an artefact. 
Large quantities of egg-white proteins appear to be present m it, and 
the carbohydrate groups of these are extracted along with the nucleic 
acids by hot TGA and subsequently interfere with the orcinol reaction 
for determination of RNA. Steps were taken to destroy these hexoses 
(Solomon, 1957) but it is possible that they were not completely 
successful. 

Hg. 2 shows that the particles washed out of the fraction were 
very effective in incorporating amino acids either in minced tissue 
incubated in vitro and subsequently fractionated or when incubated 
with radioactive amino acid and co-factors after isolation from the cell. 
The P2 fraction was also very active in incorporating amino acids after 
isolation from the cell, and in view of its low protein content it clearly 
has a high specific activity after incorporation by minced tissue. 

It is clear that in centrifugal and biochemical properties PiW and 
P2 resemble each other closely. They are found in supernatants of 
600 g centrifugings, and are themselves sedimented at 10,000 g for 
10 min., they have a high RNA:protein ratio and they are very active 
in incorporating amino acids in vitro, both in whole cells and after 
isolation from the cells. These two fractions have, therefore, been 
pooled (by combining all the 600 g supernatants before centrifuging 
at 10,000 g) and given the symbol I. 

The I particles have been subfractionated in two ways. First by 
treatment with 0-4 per cent deoxycholate and centrifuging the clarified 
suspension at 105,000 g for 60 min. The pellet so obtained was about 
twice as rich in amino acid incorporating activity and RNA as the 
original I particles, and the soluble material contained more of the 
protein. However the RNA:protein ratio of the particles was not as 
high as is usually obtained with ribosomes. 

Fractionation was also obtained by layering I particles in 0*44^ 
sucrose over denser sucrose in a sector tube and centrifuging at 2,000 g 
for 30 min. The heavier material sedimenting through the dense 
sucrose contained less of the RNA and amino acid incorporating 
activity, whereas particles remaining in the 0‘44M sucrose were richer 
in these properties. Preliminary evidence, obtained with the electron 
microscope, indicates that the heavier material contains most of the 
mitochondria present in the original I particles. 

Although they differed from microsomes in centrifugal properties, 
the particles were found to resemble them in their requirements for 
amino acid incorporation in vitro (Table i). The catalytic quantities 
of ATP added were not always required, but (catalytic) GTP and higher 
concentrations of PEP, the ATP regenerator, were required. Cell sap 
cnz)Tncs were also necessary. Liver cell sap was used in preference^ to 
oviduct material because of the high protein content of the latter which 
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might have interfered tvith subsequent preparative procedures, Puro- 
mycin, a recognised inhibitor of protein synthesis, rras strongly in- 
hibitory at a low concentration. Similar requirements ivcrc found with 
total I particles or with the ribonuclcoprotcin particles (Ip) derived 
from them by treatment with dcoxycholatc. 

TABLE I 

Ejfecl of incubation conditions on the incorporation of '^C-lfsine into protein by 
hen oviduct cell fractions. The isolated fractions were incubated for 30 min. at 
37°C. in I ml. of a buffered salt solution containing the usual mixture of co factors 
[Korner igGi) i pc. of '*C-lysine, and o-z ml. of liver cell sap 

Particle preparation 


Incubation mi'cturc 
Complete 
Omit ATP 
Omit GTP 
Omit PEP 

Omit. ATP, GTP, PEP 
Omit liver cell sap 
Omit particles 
Plus to"‘M puromycin 


cpm/mg. protein cpm/pig. protein 
1,080 

1,120 728 

222 *94 

10 3 

i6 *0 

434 

O 8 

44 “ 


Amino acids linked to tRNA prepared from chicken were dso 
incorporated into protein by I particles (Table 2). n jj 

actually inhibited slightly, although no requirement need 
be expected. GTP was required as expected and so also uas IJsi. 

TABLE 2 

Effects of incubation conditions on the incorporation of^C «rnino f d linked to 
tRNA into protein by hen oviduct I particles, L oTs 

same as those in Table I except that^’Caminoacyl-tRN (r ,3 P 

replaced the ^'C-lysine 

Incubation mixture cpm/mg. protein 
Complete 1, 860 

Omit ATP 
Omit GTP 
Omit PEP 
Omit ATP, GTP 
Omit ATP, PEP 
GTP, PEP 

This latter requirement could not be replaced j,, found 

eentration (ten-fold increase), but this concentration of GTP 
to be inhibitory even in the presence of • -u fiqrS) found 

Hoagland, Stephenson Scot^ Hec required for the 

With rat liver microsomes that an Air g not be replaced 

transfer of amino acids from tRNA, and ‘h-t not be 

by increasing the GTP concentration hveTold.vh^ 

with the above observations. On the 
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338 

234 
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found that rat liver ribosomes did not require an ATP generator o 
the incorporation of free amino acids, whereas in this study PEP was 
required in all the systems tested, even where, in the incorporation from 
free amino acids, a requirement for ATP could not be demonstrated. In 
the latter case it is possible that there was sufficient ATP in the enzyme 
preparations to supply the catalytic quantities needed for the reaction. 

The involvement of nucleic acids in the incorporation is iurtner 
borne out by the effect of ribonuclease, which inhibited stro^Iy at 
low concentrations (Fig. 3). Lecithinase-G was much less inhibitory. 
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Fio. 3. The efTect of lecithinase-c and ribonuclease on the incorpora- 
tion of '*C-lysine by isolated hen oviduct I particles. 

Open circles: ribonuclease; closed circles: lecithinasc-c. 

In addition, after the incorporation of amino acids in vitro, the lipid 
extracts of the particles were not radioactive, but the hot TCA extract 
(which contains the nucleic acids) was very radioactive. A radioactive 
lipid extract was prepared by incubating minced oviduct with 
lysine and extracting a TCA precipitate of the tissue with organic 
solvents. The radioactivity of this extract was not transferred to pro- 
tein under the conditions used, which resemble those in which amino 
acid was transferred from tRNA. 

These results indicate the presence in the oviduct cells of material 
similar to that which gives rise to the microsomc fraction in other cells. 
In isolation this material incorporates amino acids, and nucleic acids 
appear to be important in this activity. It seems likely that the mech- 
anisms involved arc similar to those found in other tissues. No evidence 
of the involvement of lipid-bound amino acids has been found in the 
cell-free preparations. This does not mean, however, that such a route 
docs not exist in the whole cell. For example, it is possible that two 
routes of incorporation exist, as proposed by Hcndicr (1962), but that 
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the route involving lipids does not survive homogenisation. This, of 
course, could also be true of tissues other than the oviduct. 

An attempt has been made to see whether these particles are 
involved in the synthesis of egg-white protein. Minced oviduct was in- 
cubated with **C-lysine for 15 min., at which time most of the activity 
incorporated into protein was found in the I particles. The tissue was 
then chilled and the I particles isolated. They were then incubated in a 
buffered salt solution at 37°^* which solubilised some of the protein 
and this was mixed with twice its weight of non-radioactive ovalbumin 
and separated on a carboxymethyl-cellulose column (Rhodes, Azari and 
Feeney, 1958). The peaks corresponding to ovalbumin and A3 were 
radioactive, indicating that some of the incorporation was into material 
behaving as ovalbumin. 

The appearance of thin sections of fixed 1 particles in the electron 
microscope is shown in Plates 13, 14 and 15. Compact rod-shaped 
mitochondria and some which were apparently degenerated forms were 
found, together with vesicles of a variety of sizes. These vesicles had 
structureless contents and were bounded by a membrane having thin 
and thick areas. They resemble structures seen by Hendler, Dalton 
and Glenner (1957) in whole cells of the oviduct. 

Large vesicular bodies have been implicated in protein synthesis in 
a variety of different cells, i.e. in wheat germ endosperm (Morton and 
Raison, 1963), virus infected cells (Horne and Nagington, 1959; 
Penman, Becker and Darnell, 1964), in the abnormal plasma cells 
found in multiple myeloma (Rifkind, Osserman, Hsu and Morgan, 
1962), in tumours (Smetana and Bush, 1963), in yeast cells ivhich arc 
rapidly synthesising mitochondria (Linnanc, 1964) derived from the 
Golgi apparatus of pancreatic cells in zymogen granule production 
(Caro and Palade, 1964) and in developing frogs’ eggs (Ward. 1962). 

The vesicles in the above tissues may not all be of the same type, 
and the reasons for their formation may differ, but they indicate that 
under a variety of special circumstances the protein synthetic apparatus 
of cells can be organised into discrete large bodies differing in appear- 
ance from the normal endoplasmic reticulum, but perhaps resembling it 
in basic structure and function. It seems likely that the structures 
observed in the oviduct and derived from it by homogenising .ire 
adaptions to the function of this tissue in synthesising I.irge rjuantities 
of protein. 
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Synopsis 

The literature relating to the effects of sexual activity in the female 
fowl on oviduct composition is reviewed and reference ® ® 

effects of gonadal hormones on oviduct composition in t e imma ure 
female chick. . , 

The elaboration of egg-white proteins in the oviduct o e im 
female chick treated with gonadal hormones is shown to e inip 
folic acid deficiency. Preliminary observations using PfP^ in 
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the water-soluble oviduct proteins of chicks receiving oes g 
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Starch gel electrophoretic separations different 
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The WSMP of female chicks receiving f 1 

to be similar to those in the broody hen and to e testo- 

chicks receiving oestradiol plus ^combination of 

sterone. Electrophoretic studies indicate tha , ^oteins 

gonadal hormones is required for the elaboration o gg 
in the oviduct. 

Introduction 

Since the classical work of Richardson of 

logical observations and probably the first c emi pjnitcd bio- 

regions of the oviduct of the laying hen there ^ composition of 

chemical information available in the changes , acti\Tty of this 
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Synopsis 

The literature relating to the effects of sexual activity in the female 
fowl on oviduct composition is reviewed and reference is made to the 
effects of gonadal hormones on oviduct composition in the immature 

chickt • 

The elaboration of egg-white proteins in the oviduct of the immature 
female chick treated with gonadal hormones is shown to be impaired 
folic acid deficiency. Preliminary observations using 
phoresis are recorded which indicate that the A, ovalbumin " 

the water-soluble oviduct proteins of chicks receiving oestrogen only 

” ™g.~ 
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gonadal hormones is required lor tne eiau 
in the oviduct. 

Introduction 
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in oviduct growth may be induced in the immature pullet by the 
administration of gonadal hormones (Common, Rutledge and Bolton, 
1947). Common et al. (1947) also noted that there was a synergistic 
effect of a combined treatment with oestradiol and testosterone on 
oviduct growth response. Hertz (1950) showed that there was a 
relationship between oviduct growth and the ratio of oestrogen to 
progesterone administered to immature chicks and that the formation of 
avidin in the oviduct depended on the administration of both hormones. 
Investigation of the riboflavin content of the magnum region of the 
oviducts of immature chicks treated with oestrogen alone or a com- 
bination of oestrogen and progesterone revealed that increased ribo- 
flavin levels resulted from the double hormone treatment (Bolton, 

1952). 

The above observations of increased weight response and associated 
changes in the avidin and flavin components would suggest that these 
findings may be related to the elaboration of proteins similar to those 
of egg white. The author became interested in this aspect of the study 
of the oviduct as a result of some work being undertaken to study the 
amino acid and nucleic acid content of sections of the oviduct of the 
laying hen and hormone-stimulated oviduct of the immature female 
chick (Brown and Jackson, i960). In the course of this work it was 
found that increases in oviduct weight in the immature chick resulting 
from the double hormone treatment with oestrogen and testosterone 
as compared with oestradiol alone was accompanied by a decrease in 
the moisture content of the tissue and an increase in protein content. 
In relation to this finding, the work of Brandt and Nalbandov (i 95 ®) 
is of particular interest since these authors showed that full functional 
activity of the immature oviduct and the formation of secretory 
granules depended on the simultaneous administration of oestrogen 
and progesterone. Electrophoretic studies of water-soluble oviduct 
proteins by Oades and Brown (1965) substantiate this evidence and 
arc discussed later in the present paper. 

It was also found that folic acid deficiency in the immature chick 
led to a reduction in the protein content of hormone-induced oviduct 
tismes (Brown and Jackson, 1957). Since the early work of Hertz and 
Scbrcll (1944) been known that folic acid deficiency resulted in 

a much reduced oviduct weight response to oestrogens in the immature 
female chick but no studies of the changes in protein content or protein 
composition had been carried out. 

Recently, however, there has been a considerable amount of 
rcscardi conducted using minces of tissue from the magnum region of 
the odduct of the lading hen %\'ith a view to studying the elaboration 
of egg-white proteins. Mandcles and Ducay (1962) showed that oval- 
bumin and conalbumin arc formed at the same rate and that the 
site of formation is in the oviduct tissue — an observation suggested by 
the earlier work of Smith, \Vingct and Hagc (1957). Recent work on 
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particulate fractions of chicken oviduct tissue by Carey and Sterlini 
(1964) is in accord with this viewpoint. Chromatographic techniques 
were used by Mandeles and Ducay (1962) who showed that water- 
soluble oviduct proteins contained lysozyme as well as ovalbumins and 
conalbumin. Electrophoretic techniques were used by Williams 
(1962) to examine the conalbumin of egg-white protein and showed that 
the conalbumin fraction contained three proteins. 

The work described by the author in the present contribution 
relates specifically to two aspects of the factors affecting water-soluble 
oviduct proteins. Firstly, the effect of folic acid deficiency on the levels 
of water-soluble proteins in whole oviduct tissues of immature chicks 
is considered and part of this work has been described by Brown and 
Badman (1965). Secondly, results are presented of a more general 
study of water-soluble oviduct and magnum proteins in the laying hen, 
the broody hen and the immature chick treated with various combina- 
tions of gonadal hormones. 


Effects of Folic Acid Deficiency on the Water-soluble 
Oviduct Proteins (WSOP) 

Experimental Methods 

In the initial experiments the effects of oestrogen and oestrogen and 
testosterone or progesterone were examined to ascertain the eve s 0 
WSOP in the oviduct tissues. Light Sussex X Brown Leghorn female 
chicks were used for these experiments while in the later expenmen s 
in which the effect of folic acid deficiency was examined, female Lignt 
Sussex chicks were used. In the hormone experiments the chicks ^vere 
reared on a commercial diet to 30 days of age, and, after ran omisa ion 
on the basis of initial liveweight, were allocated to three treatments 
which included five intramuscular injections of hormones on a erna 
days as follows: 

Treatment i : 5-0 mg. oestradiol dipropionate (total dose) 

Treatment 2: 5-0 mg. oestradiol dipropionate + 5-0 mg. progeste 
one (total dose) ■ 

Treatment 3: lo-o mg. oestradiol+5 mg. testosterone propionate 

(total dose) 

In the case of the folic acid deficiency experiments chicks leere 
reared on a commercial diet for 1 7 days and then p ace on a 0 
deficient diet for a further 14 days as described by Broun • 

the end of this period three treatments of five intramuscular injections 
on alternate days were given as follows: 

Folic acid- 5x2 0 mg. oestradiol dipropionatc-bs X 10 mg. 
deficient testosterone propionate (total dose) „„tn- 

Control 5x05 mg. pteroylglutamic acid-fs x 20 mg- oes • 
diol dipropionate-1-5 X > m mg- testosterone ftolnl dose) 
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Following these treatments, the oviducts were dissected out and 
dried in vacuo over PjOj and then ground to a powder. Fifty mg. samples 
of dried oviduct tissue was shaken for i hr. with 2-o ml. water to extract 
the soluble proteins. These extracts were centrifuged at 2,500 r.p.m. 
for 20 min. to produce a clear supernatant which was decanted and 
stored at o°C. prior to electrophoresis and nitrogen determination. 
Standard solutions of ovalbumin, conalbumin and lysozyme (Nutri- 
tional Biochemicals Ltd) were prepared at a concentration of 10 mg./ml. 
For comparison a water solution of egg white was prepared by diluting 
the white with an equal volume of water. Paper electrophoresis was 
carried out by the method of Durrum (1951). The pattern of egg-white 
proteins was similar to that obtained by Evans and Bandemer (1956). 
The patterns obtained with pure conalbumin, ovalbumin and lysozyme 
were used as reference proteins in the identification of the egg white and 
water-soluble oviduct proteins. Since the conditions of electrophoresis 
were similar to those of Evans and Bandemer (1956) the ovoglobulin 
plus ovomucoid peak was identified by analogy with the electrophoretic 
patterns obtained by these workers. These two proteins are not 
resolved by this method. 


Results 

It was found that ovalbumin and conalbumin peaks together with 
the combined peak for ovoglobulin and ovomucoid were present in the 
extracts from the oviducts of birds treated with oestradiol alone as well 
as in those from birds treated with both hormones. The levels of 


TABLE i 

Relative amounts of various water-soluble proteins separated by electrophoresis 
from whole oviduct tissue of chicks treated with gonadal hormones 


Control 


Hormone treatment 
5-0 mg. oestradiol 
to-omg. oestradiol 
-f 5-0 mg. testosterone 
5'0 mg. oestradiol 
+5*0 mg. progesterone 


Albumins 



Ovomucoid 

+ovoglobulin Conalbumin 


93 40 97 74 150 

®5 >53 130 52 160 


‘44 7O 154 71 197 


hormone administration used in this experiment ^vc^c comparable to 
those used in the histological studies of Brant and Nalbandov 
There were quantitative differences in the total watcr-cxtractabic 
proteins between the different treatments, a larger amount of protein 
being extracted from the oviduct tissues of the cliicfcs treated with both 
hormones. The data in Table i illustrate this point in that the peak 
areas attributable to the ovalbumins and conalbumins arc lower in the 
case of oestradiol treatment only. 



137 


OVIDUCT AND FOLIC ACID DEFICIENCY 

The most interesting cfTcct of folic acid deficiency was the very great 
reduction in the percentage of water-soluble proteins in the hormone- 
stimulated o\dducts from deficient chicks. This accounted for the large 
quantitative difference in the peak areas of the WSOP from the normal 
and deficient chicks as shown in Table 2. Examination of the electro- 
phoretic patterns sho^^■cd that there was a very large reduction in the 
albumin fractions. 


TABLE 2 

Relative amounts of various water-soluble proteins separated by electrophoresis 
from whole oviduct tissue of normal and folic acid-defcient chicks treated with 
gonadal hormones 


Ovalbumins Control 
Aj 

A, C6 

A, 27 

Ovogtobulin 29 

-fovomucoid 
Conalbumin 93 


Folic acid-dcHcicnt 



1 1 
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Discussion 

The results of the experiments on the hormonal 
there is a similarity in the electrophoretic pa 
oviducts of hormone-treated immature chicks and that ^ 
nroteins However, there appears to be a quantitative ditlerence 
die levels of water-soluble proteins formed in that ‘^e o"dum stimu- 
lated by oestrogen alone contain smaller quantities than those stimu 
lated bv a combination of oestradiol and progesterone or oestradio 
anfti^tLterone This suggests that the histological -^ce of B n^ 
and Nalbandov (1956) relating to the and 

would be well worth verifying -mg 
more precise evidence on this aspect f 

section. , „r the A A. and A, albumins was not 

Though the resolution of the an indication 

very satisfactory by the j’^/amount in the oviducts 

that the Ai albumin was present in ^eater amo 

from the birds receiving oestrogen ^nd progestero 

firmed in later work using starch-gel f "^i^^es^ 

not detected in any of the extracts but this require 

confirmation. deficiency on the 

In view of the specific enec effect is also 

growth of the oviduct it is elaboration of certain water- 

accompanied by a reduction • ^ ^^j^d were not due to 

soluble egg-white proteim. T j^. ^ d deficient chicks 

inanition per se since the folic acid-treated cnicx 

were pair fed. 
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Reproductive State and Hormonal Influences on the 
Water-soluble Oviduct Proteins 

Introduction 

In the previous section it was noted that the double hormone 
treatment of normal immature chicks resulted in increased WSOP but 
it was not possible to establish very precise levels of the individual 
albumins by the paper electrophoretic method. For this reason a more 
exhaustive study of the WSOP and water-soluble magnum proteins 
(WSMP) of the oviduct of a laying hen was carried out using the dis- 
continuous buffer system of Poulik (1957) as modified by Lush (1961) 
and the gradient elution from G M-cellulose columns described by 
Rhodes, Bennett and Feeney (1959). Baker and Manwell (1962) made 
a comprehensive study of egg-white proteins and obtained positive 
resolution on starch-gel of lysozyme, esterase, conalbumin, mucoid, 
albumin and flavoprotein and tentatively of the mucin-globulin 
fraction. In the present comparative study of the WSOP of hens, 
hormone-treated chicks and egg-white proteins, identification of the 
proteins was by comparison with the patterns observed by Baker and 
Manwell (1962). 

Experimental Methods 

To compare the WSMP and those of other regions of the oviduct 
of the laying hen with egg-white proteins a laying pullet was killed 
immediately after laying in order to avoid the presence of a yolk in 
the oviduct (Warren and Scott, 1935). The whole oviduct was dis- 
sected out and weighed and each region separated. The magnum 
region was sampled longitudinally into four equal 10 cm. lengths and 
dried over PnO^ in vacuo. The water extracts were dialysed at 4°C. 
for at least 2 days against /»H 4-0 ammonia-acetic acid buffer 
prepared from o*iM ammonia and o*iM acetic acid. The resulting 
precipitate of crude ovomucin was centrifuged down and a clear 
dialysatc was used for protein separations by starch-gel electrophoresis 
and carboxymcthyl cellulose (GM-ccIlu!ose) column chromatography. 

W hilc it appeared that CM-cclluIosc chromatography was useful 
for qualitative comparison of samples it was not satisfactory for quanti- 
tative work since the recovery of proteins based on protein determina- 
tions by the method of Lowry, Rosenbrough, Farr and Randall (igsO 
showed protein recovery^ to be incomplete. The starch-gel electro- 
phoresis was carried out on a quantitative basis by strictly standardising 
the conditions of electrophoresis and protein staining. 

It \vas decided to use larger chicks than had been used in the work 
described in the previous section and to compare the IVSMP from 
chickens treated with oestrogen alone and in combination with cither 
progesterone or testosterone with the WSMP from a laying hen and a 
broody hen. Tlic dose levels of gonadal honnoncs svcrc similar to those 
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used in the previous work. Chicks of approximately 700 g. body weight 
were used. Comparisons of WSMP were made by carrying out starch- 
gel electrophoresis under standard conditions and scanning the runs 
in an automatic densitometer. Relative amounts of Aj, Aj 2"“ 
albumins and of an intermediate post-albumin band were established 
by rescanning on an extended scale. 


Results 

The results of the examination of the water-soluble 
various sections of the oviduct of a laying hen are given in 303. 

TABLE 3 

Water-soluble protein content of regions of the oviduct in a laying hen 


Oviduct Weight 

section (gO 

Total oviduct 57*3 

Funnel 38-9 

Magnum 33*4 

Isthmus 58*9 

Uterus n'6 5'** 

Vagina 4*5 5**5 

The magnum contributed the !®^8“^™°™bution byThe' soluble 

solubRproteinbuttherew^aco^^^^^^^^ 

proteins of the uterus. There was a ve ’ J' f remon. The 
95 per cent) of water-soluble j ^ larg^uantity of water- 

funnel and the isthmus regions also contameu a la g H i 

soluble protein. A crude ovomucin fraction was not separated Irom 

funnel or the isthmus regions. „rtt,p ivater-soluble proteins 

The starch-gel electrophoretic pattern of th^ wmer^so P 

from the five sections of the oviduct ^ ^Inhlp oroteins but the 

contained a fairly large quantity 

proteins were not egg-white wL found to migrate to 

bumins. The major component of tauter 

a position immediately behind ova „ajor component of 

three albumins. This protein was also found to be am J 1 

the water-soluble extraet of the .hose of egg- 

phorctic patterns of the rnagnum « relative amounts of each 

white proteins both quantitatively ;nrre.Tsed concentration of the 

protein present, although there was . detected satis- 

immediate post-albumin ^=‘"^ rch-gel electrophoresis, 
factorily in magnum extracts b> st. g .„„.„hitc proteins when 
The precipitates from the dial>.ate 
dissolved in borate buffer proteins including owilbtimins. 

^vcrc found to contain man) cgS * 


Per cent 
protein 
in 

dry matter 


Water soluble 
per cent of total 
protein 

42-4 

94*9 

45-0 

29*7 

21'2 


Crude 

ovomucin per 
cent of total 
protein 

Nil 

2'8 

Nil 

3-2 

3-0 


Total 

^vater- 

solublc 

protein 

(g-) 

8'2e 

0-07 

6*35 

0- sG 

1- 45 
0-05 
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conalbumlns, lysozyme and globulins, in agreement ^^•ith the obser\'a- 
tions ofRhodes, Azari, and Feeney {1958), and those ofFeeney, Dueay, 
Sib’a and MacDonnell (1952). It was Ibund that considerable trailing 
occurred in the electrophoretic pattern from the precipitate, suggesting 
a range of molecular weights or denaturation of proteins, and a large 
proportion of the protein was immobile. 

If unblended egg-white complete with chalazac was dialysed against 
the pU .j'O ammonia-acetic acid buffer, the crude ovomucin precipitate 
developed initially round the chalazac and eventually appeared to be 
concentrated in close proximity to the chalazac. This effect would 


TABLE 4 

Oriditcl irog/it, dry malltr and ivater-solubU protein content of magnum in a 
laring hen, broody hen and female chich treated with gonadal hormones 


S<HlfCf of 

Ittnie 

ImituTurt fanati; cliieVt 
frrriTing: 

(A) 

(Q 


OWdiic( 

Magnum 

Per cent 

\Valfr*jolubIe 


w-ciglit 

dry matter 

protein a> per cent 

CkO 

(K-) 

©r magnum 

of total protein 

Gj -4 

13-3 

3«‘9 

£>0a 

15-0 

yn 

iC*7 

490 


135 

aC 

ai’D 

S(vj 

ts-o 

s-a 

oyC 


C3 

as 


Cs'O 
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oviduct growth and the syngeristic effect of oestrogen and androgen. 
Though the total oviduct weight m the chicks treated wit oes rogen 
and progesterone were much lower than those of chicks receiving 
oestrogen alone, the weight of the magnum region 
lower It is also interesting to note that oestrogen in combination w th 
progesterone also resulted in an increase m the magnum dry matte 
TeSage as a result of increased synthesis of protein in this region of 
the oviduct Similarly, the syngeristic effect of testosterone, in addit 

to a level almost twice that in the other two treatment . y 

matter contents and WSMP levels on this treatment were also as hig 

as those in the chicks receiving oestrogen and ^ j ■ 

The nercentage of WSMP in the total magnum protein in tHe lay g 
h™“gMy g* e.,., to in nn, ch,* 

ho™nn to 

35-2 per cent of the WSMP was P P, . after laying was 

The total amount of WSMP of the lay g 
sufficient to supply the fn the appearance of labelled 

explain the approximate delay o iniection of radioactive 

protein in egg igno- Mandeles and Ducay, 1962). 

amino acids (Siva Sanker and , 95 ’ WSMP in the laying hen 

The dry-matter percentage of abo .^3 supporting the hypo- 

was about three times as lug proteins lower down the 

thesis that water is added to the egg ^ j 

oviduct (Smith, Hoover, Nordstrom a 

The relative amounts of the P of egg white and WSMP 

on starch gel are given in 1 able 5. wcMP of the broody hen were 

of the laying hen were similar into zones and appeared 

dominated by material that ? of the conalbumins. Apart 


uumindLct-i uy nt me 

as a trail from the origin to t e p immediate post-albumin band 

- : component IS the immed atej^ 

: present =™(”sMP ofaU the hormone-treated 
three ovalbumins were present in chicks given oestrogen 


ovalbumins were present in t ® chicks given oestrogen 

chicks. Scans from separation o - ^^d the main differences 

and androgen showed ° rf ,o^a„ incre.ased relative amount 

compared ivith the laying hen ^ “ , increased level of the post- 

of A%nd A3 ovalbumins together with an in post-albumm 

albumin fraction (sec Table 5). th^^broody hen and the cluck 

band appeared to be at “ ■"“‘'""“^crease in the chicks treated with 
treated with oestrogen only and 
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oestrogen and testosterone. There was also a decrease in chicks 
treated with oestradiol and progesterone to a minimum in the laying 
hen and egg-white proteins. Conalbiimin tras present in all WSMI’ 
examined ineluding those from the broody hen. 

TABLE 5 

Relative amounts of ivater-soluble proteins separated /y starch-gel electrophoresis 
from egg white and magnum sections of a laying hen, broody hen and chicks 
receiving gonadal hormones 
{Experiment s) 

Ovalbumin? 

/ \ Con* 

Protein rractlon A, A. A, P, P, p, P, allmminl P, I.)nozymc 

Dialysed egg white ai-j 17 0 5 O o B lo G s t! 4-3 2-91 3-5 0 9 

laying hen 2fO 2( 2 5-6 i G 7 3 30 G o 

Broody hen I-., G G 3 9 tn -, t o gTg o 


Ai Aj 


1*1 

I*. 

r. 

Con* 

Pt nlhiimins r« 

L^-soryme 

21*5 170 

5-0 

oB 

10-6 

3-8 

4-3 291 3*5 

0-9 

at-o aya 

5 -G 

t-G 


7-3 

30 c 

0 

1-4 G-G 

^ 3-9 

'9j 


50 

G3G 

0 

) 33'<i 

9-1 iG'5 

3-4 

12*3 

123 

yn 


6-7 

12-4 

37-2 CB 

3B0 R G 

0 

0 

I 3'4 300 

101 

5*8 


G-o 

341 92 

0 


1 00 ittg. oestradiol 91 tG'S 12-3 3B 12M 3no BG o 

•fS'Omg.testo- 
sterone (D) 

5 ;o mg. oestradiol 13-4 300 to t 5-8 Go 24-1 o-o o 

+5'Omg. progcsler- ’ 

one (C) 

in dblyscd egg white. Peak P, has been 
described as the post-eonalbumin fraction (Baker and btanwcll, 19C2). 

Discussion 

The results of the present invcstig.ation are described in more detail 
by Oades and Brown (1965). Starch-gel electrophoresis of WSOP of 
the fowl appears to be a useful tool for the study of the effect of natural 
repro uctive state and hormonal modification of oviduct development 
Hnr r percentage of egg-white proteins in the osaduct. The 

ata tor the composition of the magnum section of the oviduct show that 
changes in this region are influenced preferentially by natural ovarian 
activity or by certain combinations of gonadal hormones in the im- 
mature lemale. 

1 ® percentage of WSOP is 

located in the magnum and further that alteration of the WSMP of the 
^ ^ induced by hormone administration. The enhanced 
e a ora ion o egg-white proteins in the combined oestrogen and pro- 
gesterone treatment corresponds with the observation of Hertz (1950) 
concermng the elaboration of avidin and the report of Bolton (1952) 
on the formation of riboflavin in the oviduct under the influence of this 
on e ormone treatment. It is well known that a combination of 
oestrogen and testosterone induces changes in the metabolism of the 
immature fowl similar to those encountered prior to the onset of lay 
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in the pullet (Common, Rutledge and Bolton, 1947). It may not be 
surprising, therefore, that tliis treatment also produced increases in the 
WSMP similar to those in the magnum of the laying hen. The histo- 
logical data of Brandt and Nalbandov (1956) indicated that a combina- 
tion of oestrogen and progesterone or of oestrogen and testosterone 
was required to produce albumin-secreting granules in the magnum of 
the immature pullet. In the present work it was found that in the 
broody hen and in the chicks treated with oestradiol only there was 
a large amount of post-albumin protein in the WSMP. Furthermore, 
the amount of WSMP in the broody hen and the chicks treated with 
oestradiol only was much lower than in the laying hen or the chicks 
receiving treatment with both hormones. These results wou support 
the findings of Brandt and Nalbandov (1956). There are, however, 
differences between the WSMP of the broody hen, laying en an egg 
white proteins and the WSMP of the chicks treated ivith both hormones 
which remain to be explained. For example, the relative increases 
in the concentration of albumins Ag nnd A3 and of t e pos a 
band in the hormone-treated chicks and in the broo y en compare 
tvith that in the WSMP of laying hen or egg white suggests 
process of phosphate removal described by Perlma^ ' a 
may determine the origin of Aj from A2, Aj from 3 an o 3 
the immediate post-albumin protein. Support for this is 
finding that there is a much lower content (50 per cen ) , 

the oviducts of the broody hen and chick treated °aN 

than that in the laying hen or chick given the on ® 
ment (8o-go per cent). Concomitant progesterone a -ihumin 

the immature chick decreases the relative amount of the P°^m m 
protein and this effect would not support the view that b--oodm«“ 
the fowl is associated with an increase in endogenous progesterone 

pro^ction. release of e?g-white albumins 

There appears to be no doubt that the with either 

requires the simultaneous effect of oestradio co Sanker and 

testosterone or progesterone in the immature c ic . described a 

Theis (1959) and Imith, Court and Ma^(^ 959 )^ha^^^^ 

protein precursor of egg-white album! gsgnt electrophoretic 

of the post-albumin band encountered P release of 

studies. These latter authors have also ®u^e laying hen 

the ovalbumins is controlled by the state o ^ ° .jj j^j-rease and the 
and that the amount of the protein precupor 

1 immi 


ovalbumins increase as 


ovulation becomes imminent. 
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PROTEIN DIGESTION AND METABOLISM IN 
THE COLOSTOMISED LAYING HEN 

E. Squance 

Departmint of Agricultural Chemistry, Queen's University of Belfast, 

Belfast, g, JV. Ireland 

Synopsis 

Results are presented to show that colostomised hens are not 
physiologically abnormal with regard to nitrogen excretion. Using 
colostomised hens the metabolic faecal nitrogen (MFN) output was 
determined directly by feeding a nitrogen-free diet and indirectly by 
extrapolating to zero a regression of faecal N output against per cent 
nitrogen in the diet. The values obtained were 158 mg./ioo g. dry- 
matter intake and 1 16 mg./ too g. dry matter consumed respectively. 

The MFN values were used to calculate true digestibilities for a 
number of protein sources fed at different levels of dietary intake. The 
source of protein and the level of protein fed did not affect true digesti- 
bility. The overall mean value obtained was 88-5 per cent. 

Using biological values previously determined and the digesti- 
bilities determined in this paper a factorial method was used to calculate 
the daily protein requirement of a laying hen. For a hen of z kg. body 
weight, laying 60 g. eggs at 75 per cent production, a daily requirement 
of 13-3 g./day rvas found. 

Introduction 

Almost all the estimates of true and apparent digestibility of 
protein in poultry have been made by indirect techniques. This is 
because it is not easy to separate the urine and faeces which arc c.x- 
creted from the cloaca in a mixed form. For the determination of 
digestibility two methods exist. The first is by chemical separation of 
the faecal nitrogen from the mixed excreta, the second by surgical 
modification of the bird to provide a separate artificial anus. 

In early work Fields and Ford(i9oo) determined the faecal protein 
directly as albuminoids and .Tssumed this to he the total faecal nitrogen. 
This approach was also used by Ekinan, Emanuclson and Fransonn 
(ig.19) in their protein precipitation procedure. A second approach 
to the chemical estimation was to determine the urinary nitrogen and 
obtain the faecal nitrogen by difference. Coulson and Hughes (193^^) 

i,ft 



PROTEIN DIGESTION AND METABOLISM 147 
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Physiology of the Domestic Fowl edited by C. Horton Smith and ss- 

E. C. Amoroso (B.E.M.B. Symposium No. i ; Oliver and ed 

Boyd, Edinburgh and London, 1966). as 
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CORRIGENDA 

to Paper 16, ‘ Protein Digestion and Metabolism in the Colostomised 
Laying Hen * by E. Sqtiance, pp. i 4 ^"* 54 ’ 


p. 146, line 13: for 158 read 164 
line 14: for 1 16 read 207 
line 23: for 13*3 read 12*25 


P- 147, line 8: for differences read difference 
line 9: ybr Jeffrey readJtSzy 

P. 148, Table a: replace eriiire Table by new Table ! given overleaf 
line 14; for consumed/day on read consumed on 
line 16: for at zero intake read at zero nitrogen intake 
line 17: for 1 16 mg. N read 207 mg. N 

lines 17 & i8; /or regression and mean daily feed mta c i 
■significantly lower than read regression was 
significantly different from 
line ig; for 158 mg. read 164 mg. 

i- riiffercnce to feeding 

lines ig-22: delete entire sentence from T 

conditions 

line 3 1 : for confined read confirmed 


P* *49> Fig. 1 ; replace by new Fig. 1 on p. »V. 

P- 150, line 5: for ratio in egg production read ratio on egg pr^uctio 
Table 3: replace entire Table by new Tablej gicen 0 p 
line 20: for 88-5 read 90*6 
line 32: for 95 read 93 
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obtained pure urine by a urethral cannula and found uric acid and 
ammonia to be 80 per cent of the total urinary nitrogen. This factor 
was used by St John, Johnson, Carver and Moore (1932) and by 
MacDonald and Bose {1944) who took uric acid nitrogen plus ammonia 
nitrogen X 1-25 as the urinary component. Katayama (1924) success- 
fully obtained one operated hen and from it calculated a widely used 
formula relating uric acid-N to total urinary-N and faecal-N was 
obtained by differences. 

This work was re-examined by O’Dell, Woods, Laerdal, Jeffery and 
Savage {i960), who found urinary 1M=I’096 (uric acid N-f-ammonia- 
N). Both formulae were then applied to mixed excreta from normal 
hens. 

TABLE I 


Comparison of normal and colostomised laying hens on same nilrogen intake. 
[N in constituents as percentage of total W ; mean of three determinations) 


Total N 

(mg./g. D M) Uric-N 

Normal 

Colostomised 7863 54*9® 


Ammonia-N Urca-N Creatinine-N 
2-634 0-963 1-46 

1-724 0-741 2'6 o 


For the direct determination the normal method is to exteriorise 
the rectum. Recently Ariyoshi and Morimoto (1956) and Fussell (.960 
have described successful operations. O Dell et 
this method, while Laerdal, Newbeme, Savage and O Dell ('?57) ^ 
exteriorised ureters in 4-week-old male ehieks. Ariyoshi (' 957 ). 
Morimoto, Kubota and Ariyoshi ^igSia) and the author have obtained 

direct determinations of digestibility on modified hem. 

mLn used bv us at Belfast was that of Fusscll (i960) with 

rr 1 l?.etion apparatus (Squanec and Brown, 1965). Objee- 
a modified ^ been based on observations of 

tions to the use ^as been shown not to be the case by 

physiological abnormal ty. t published 

Richardson, J’“nd and found no differences 

a eompanson ^ experiment the present author eom- 

in nitrogen partition. In a si 1 ^ contain- 

pared colostomised and normal . 3iguificant differences in 

mg ,7 per cent crude proffi , 

partition were found. I lies'- • of variability found in a 

tininc and ammonia levels arc disturbance 

number of determinations on c observed ss-ith no apparent 

of the water consumption pattern 

effects on nitrogen metabolism. 

Mcrnnnalwn of True /),grslM,ty 

Tlic dctcrmiiiation oum[m "to nitrogen fraction 

of metabolic Hieeal n^ slougl.ed-off gu. , 

consists mainly ol (lif.rsuvt 
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obtained pure urine by a urethral cannula and found uric acid and 
ammonia to be 80 per cent of the total urinary nitrogen. This factor 
was used by St John, Johnson, Carver and Moore (1932) and by 
MacDonald and Bose { 1 944) who took uric acid nitrogen plus ammonia 
nitrogen X 1-25 as the urinary component. Katayama (1924) success- 
fully obtained one operated hen and from it calculated a widely used 
formula relating uric acid-N to total urinary-N and faccal-N was 
obtained by differences. 

This work was re-examined by O’Dell, Woods, Laerdal, Jeffery and 
Savage (i960), who found urinary N=i-096 (uric acid N-fammonia- 
N). Both formulae were then applied to mixed excreta from normal 
hens. 


TABLE I 

Comparison of normal and colostomised loping hens on same nitrogen intake. 
[N in constituents as percentage of total M; mean of three determinations) 


Normal 

Colostomised 


Total N 

(mg./g. D M) Uric-N Ammoni'a-N Urca-N 

77-27 5*'03 2*634 0*963 

78*63 54*96 1*724 0*741 


CrcaliiiinC'N 

1*46 

2 *(><> 


the 


For the direct determination the normal method 


IS to cxlcnonso 


nerectum. Recently Ariyoshi and Morimoto (1956) andFusscIl (lofjt)) 
ave described successful operations. O’Dell et al, (19^^) used 
s method, while Laerdal, Newbemc, Savage and O’Dell (i 9 f) 7 ) 
^tenorised ureters in 4-week-oId male chicks. Ariyoshi (1957)' 
^ onmoto, Kubota and Ariyoshi (igGi/i) and the autlior have ()l>lniiu’(l 
^^^^^^inations of digestibility on modified hens, 

^ he technique used by us at Belfast was that of J’ussell (> 9 ^’^’) with 
collection apparatus (Squance and Brown, i9fif)). Ohjrr- 
Ph^**i^ operated hens have been based on observations ol 

°Slcal abnormality. This has been shown not to be tin; ease I)y 
aco Watts, Wilkinson and Dixon (i960), wlio have published 

P^P^rison of colostomised and normal hens and found no differences 
parc/^^i^^ P^rdtion. In a similar experiment the present author eoiu- 
j ^mostomised and normal hens of the same age, fed a diet eontain- 
P^*" cent crude protein, and again no signifieant dtfferenee.s in 


partition 
tininc 


Were found. These results arc shown in 'J‘al>Ie i. 'The 


Pamb levels arc within the range of vaiiahilily found in a 

of determinations on control hens. Jn two ea.ses dislutliaiu c 

''atcr consumption pattern was oliserved with no iippau'iil 


sheets 


oa nitrogen metabolism. 


^ Determination of True DiyfUihility 

^1^ digestibility rrrpiires a lellMhlc fsliniittr 

’•^aslsts ° faecal nitrogen (MFiV) ontpiil. This nitfo/frti loulloii 
Plainly of digestive enzymes and slf»uglief|.fjf| gm (j^qUM 
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Direct determination of metabolic faecal nitrogen and endogenous 
urinary nitrogen were carried out using colostomised hens fed on a 
nitrogen-free diet based on that of Fisher and Johnson (1956). Thcdict 
was modified to include 1 2 per cent com oil, and cellulose was excluded. 
Four colostomised hens were fed this diet for a 7-day pre-experi- 
mental period followed by a 5-day experimental period when urine 
and faeces were quantitatively collected. The results arc presented in 
Table 2. These results compared well with a similar determination by 
Morimoto, Kubota, Ariyoshi and Hizikuro (1961). 


TABLE 2 


Direct determination of metabolic faecal and endogenous urinary 
four hens fed a nitrogen free diet 

nitrogen on 

Mean 

Hen No, 

22 

23 

25 

29 

values 

Mean body weight (kg.) 

1-845 

1*980 

1*700 

2*045 — 

Total MFN (mg.) 

3700 

6250 

552-0 

543-0 

— 

MFN/day (mg.) 

925 

1250 

110*0 

io8'6 

109*3 

MFN/ioo g. DM intake/day 

*53-4 

165-6 

147*8 

165*8 

158*1 

Total EUN (mg.) 

543-6 

495-4 

617*0 

747*0 

— 

EUN/day (mg.) 

139-9 

123*8 

123*4 

149*9 

134'* 

EUN/kg. body weight }/day 

88-6 

74-2 

82*9 

87-4 

83-3 

We have also carried out an indirect 

method 

of determining 


metabolic faecal nitrogen, first used by Mitchell and Bert (1954)* 
involving the feeding of a series of protein levels and at each level 
determining the faecal nitrogen. A regression of faecal nitrogen/ioo g. 
dry matter consumed/day on the percentage nitrogen in the dietary 
dry matter is calculated (see Fig. i), and the MFN is calculated as the 
faecal nitrogen at zero intake. The metabolic faecal nitrogen value of 
116 mg. N/ioo g. dry matter obtained from the regression and mean 
daily feed intake was significantly lower than that obtained by direct 
determination, viz. 158 mg./ioo g. dry matter. This difference 
was also noted by Twombly and Meyer (1961) in the rat and it would 
that the loss of endogenous nitrogen is reduced, or absorption of 
nitrogen from the gut enhanced under protein feeding conditions. 

In applying the metabolic faecal nitrogen figure to calculations of 
true digestibility no account is taken of tiie effect of dietary protclnper se 
on enzyme production. Nasset and Jin Soon Ju (1961), working with 
dogs and rats, showed that endogenous nitrogen secretions were four 
times the dietary nitrogen intake in dogs and six times the level in rats. 
Twombly and Meyer (1961) showed a definite increase in endogenous 
nitrogen production up to 15 per cent protein in the diet. This would 
suggest that there is an increase in enzyme production or tissue loss at 
higher intakes. Recently this work was confined by Snook and Meyer 
(t 9 ® 4 )» who examined activities of individual enzymes on a nitrogen- 
free diet and found increased activity when casein or egg protein ^vere 
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fed. It must be remembered, however, that in all work using gut sec- 
tion analysis, no indication is given of the breakdown or re-absorption 
of the endogenous N. Thus much of this increased output could be 

re-absorbed. . , , . u r 

One way to determine the exact effects of protein level on metabolic 
faecal nitrogen is to use labelled proteins. Work in this direction is 
being pursued by the present author using parenterally admimstered 
=5S-labelled methionine as a marker for endogenous proteins bu 
considerable difficulties, of establishing equilibrium, are being en- 

countered.etaboiic nitrogen previously determined by direct 

method was used in the calculation of true digesti i ity m 

ments using practical laying diets. , ^ 

In the first experiment the diets contained only maiz 
meal as protein sources with sucrose added to increase t e me 



I'lc. I. Dclcrmin.ition of MIN by il— (t-i 

tarr.il N'/ioo K. I).M. (.») on |«:rcn.l.ii;<- n. - ^ ^ 

rnatirr (t). [I'-irh point onr 
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energy level to 2,929 kcal./kg. The low-energy diets were more 
conventional, being of mixed cereals with added fishmeal and had a 
metabolisable energy content of 2,533 kcal./kg. These diets were 
similar to those used by Brown, Waring and Squance (1965) to test 
the effects of calorie:protein ratio in egg production. 

The determinations of true and apparent digestibility on these diets 
are given in Table 3. It can be seen that differences between diets were 
not significant. 

TABLE 3 

Mean apparent and true digestibility and daily protein requirement of diets used 
in Experiment i 


Calculated Recorded 
protein daily 



Apparent 

•tS.E. of 

True 

±S.E. of 

requirement 

intake of 

Diet 

digestibility 

mean* 

digestibility 

mean 

(&-/day) 

protein (g.) 

High 1 
energy | 

'.7%C.P.85-7t 

— 

890 

— 

_ 

— 

I5%C.P.86-3 

,i3%C.P.8a-4 

±2-42 

9>o 

88- 1 

±0-62 

13*3 

I3’2 

I4-I 

I3’2 

Lo^v J 

ri7%C.P, 82-0 

— 

860 



12*3 

i8-o 

energy 1 

^i3%C,P.8i-a 

— 

85-7 

— 

n-9 

15*7 


• Standard errors only quoted where 3 determinations made, 
t All figures without standard error mean of s determinations. 


The diets in the second experiment were from a laying trial designed 
to test the efficiency of egg production on a diet of 14 per cent protein 
with soyabean as the protein supplement. This diet was compared with 
one of 17 per cent crude protein containing 15 per cent of fishmeal. 
The basal soyabean diet was also supplemented with 0-09 per cent 
methiomne and 0-2 per cent lysine alone and in combination. The 
determined metabolisable energy value of the soyabean diets was 2,810 
kcal./kg. dry matter and of the fishmeal diet, 3,101 kcal./kg. dry matter. 
The results are presented in Table 4, 

^ The true and apparent digestibilities in this experiment show no 
significant difTercnces between treatments. The mean true digestibility 
value for the two experiments was 88-5 per cent, which compares well 
with the value of 80 per cent obtained by Morimota, Kuboto and 
Ariyoshi (1961) for maize-based Japanese diets and tvith that of 
MacDonald and Bose (1944) who obtained 85*6 per cent on mixed 
ccrcal/soya diets. Lacrdal el aL (1957) obtained 887 per cent using 
male chicks fed a diet of maize and soyabean meal. 

From the results of these experiments and published data it would 
^cm that true nitrogen digestibility is independent of protein source. 
From^ results presented in Table 5, protein level docs not influence 
protein digestibility over a tvidc range of protein levels. Practically, 
apparent digestibility is of more value than true digestibility as metabolic 
faecal nitrogcri is part of the overall nitrogen loss to the bird and in 
the two experiments reported here apparent digestibility ivas 95 per 
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cent of true digestibility. Digestibility of protein is thus fairly constant 
both in practical and purified diets. The lo per cent of undigested 
feed nitrogen is presumably in a form unaffected by digestive enzymes, 
or so occluded by fibrous material as to be unattacked by enzymes. 


TABLE 4 

Mean apparent and true digestibility and daily protein requirement of diets used 
in Experiment 2 


Diet 


Apparent 

digestibility 


iS.E. of True 
mean* digestibility 


Calculated Recorded 
protein daily 
iS.E. of requirement intake of 
//. nrfitpin 


Fishmeal 

control 

85-7 

± 

0-34 

Soyabean 

control 

(SBC) 

83-4 

± 

0-58 

SBG+L- 

lysine 

87-0 

d: 

0-32 

SBC+DL- 

methionine 

85-6 

± 

0-22 

SBG+L-lysine 

+DL- 

methionine 

86-0 

± 

064 


• Each figure 


89-4 

± 

0*37 

15-4 

180 

87-8 


050 

17-5 

157 

909 

d: 

0-36 

137 

17-2 

903 

± 

052 

12-4 

147 

899 

± 

0*45 

n-5 

177 


ofg determinations, 


\er and 


table 5 . • /r- A 

Eftci of protein level on protein digestibility in gnuu 

fohnsoriy igj 6 ) and supplementary protein as defatted who e egg. 

4~day trial on one hen) 


Protein level 


True digestibility 


S.E. of mean 


5 per cent 
' 88-0 
88-7 

893 

88-7 

036 


10 per cent 
qo-6 
858 
852 
88-6 
87-6 
86-9 

875 

o-8o 


15 per cent 
88-2 
9t-3 
90-3 
896 
90-6 
8G-6 
89-4 

o 69 


20 per cent 

899 

911 

987 

90 6 
852 

893 

I oG 


Determination of Protein Requirement i„I 

Consideration has been given to the possibilit) ° j,y a 

values to assess daily protein requirement for egg P 

htctonal method. In calculating a factorial studies on a 

requirement of laying hens from protein meta >0 cndocrnout 
particular diet the main factors to be consic cret j 

nitrogen losses, the requirements for egg r .jjj. jici. From 

Rain and the mean biological value and digcsti n 1 > 
ntir svork with llic colostomiscd hen the cndogcnoti 
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faecal and endogenous urinary nitrogen are equivalent to 0-829 g. 
protein/kg. body weight. The egg produetion faetor is the product of 
the mean egg weight, mean level of production and protein content of 
the egg which is 1 1 -2 per cent. In the case of the light hybrid, the body 
weight changes have been ignored as they are small in relation to the 
whole laying period. For a simplified general equation as shown below 
we may assume a 60 g. egg and 75 per cent production. Using the 
mean biological value of 58 per cent determined for practical diets 
by us (Squance and Brown, 1965), we have calculated the require- 
ment of protein for a 2 kg. hen to be 13-3 g./day. This is below the daily 
intake on all diets in Experiments i and 2 above (see Tables 3 and 4) 
and would suggest that the diets examined contained more protein than 
was required for the level of production. 

However, when the biological value of each diet (Squance and 
Brown, 1965) is used, the intake of protein on the soyabean control diet 
was the only one below the calculated requirement (see Tables 3 and 4). 

The simplified formula for the factorial method as used in this 
determination was as follorvs: 

„ _MxW+{E„xE.xo-ii2) 

BVxD 

where iJ,,=Protein requirement (g./day) 

jH'=Maintenance requirement as protein (g./kg. body weight/ 
day) 

IF=Body weight (kg.) 
jE„=Mean egg weight (g.) 

£^=No. of eggs/day 

Biological value of diet (expressed as a fraction) 

D =DigestiblIity of diet (expressed as a fraction) 

This simple formula will give a minimum requirement which is by 
no means complete. A full formula using all the factors referred to, 
including body rvcight change and feather loss, is given below: 

^ J,MFJ<rxF,+EUMx Wi)±W+{E^xE„xo-U2) 

BVxD 

where il/FlA'’=:Mctabolic faecal nitrogen/g. diet. 

■^UA'’=Endogcnous urinary nitrogen/kg. body weight t/day 
F^ =Dry matter intake (g./day) 

I FI =Mctabolic body size 

A 1 F=Protcin requirement for growth and feather replacement. 

In this equation an account has been taken of the cITcct of dry 
matter intake on output and EUJ'fh^s been expressed in terms of 
metabolic size. Before a full estimate can be made the factors of growth 
and feather loss have to be ascertained. Information on this aspect of 
protein loss in high-producing hens is not readily available. 
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AMINO ACID INTERACTIONS IN 
POULTRY NUTRITION 


D. Lewis 

Department of Agricultural Sciences, University of Nottingham 


Synopsis 

In addition to specific amino acid inadequacies, the absence of an 

ideal dietary amino acid balance will also result m a retardation of 

growth. Though it may be possible to classify ammo 

into imbalances, antagonisms or toxicitics it ^ 

that disparate mechaidsms are involved Further 

nature of certain interactions is sought by studying the 

under which each amino acid can behave as t c 

effects or as the target which must be supplied to counteract these 

effects. 


Introduction 

It is generally accepted that the efficiency 
can be udliscd depends upon how closely the 
pensable amino acids it provides corresponds to the 
It also depends upon the ratio f ^t'^^oorlare in 

acids. Such a concept ofamino acid balance iso j- j 

mammalian nutrition since there is essentially no storage ofamino 

" ^^ic°outlook until relatively recently in ^^''^^pfion'lhat 

of amino acid balance in nutrition accommo . .i* 5:5 exerted no 

any surplus of amino acids not used for pro ein > obsers'a- 

adversc effects. This still appears to be true ‘" 8^" content of the diet is 
tion that amino acid needs of lad: of balance upon 

raised precludes its tota validity. "^‘jcrable importance, 

requirements is currently an issue of ^ ,^c>rc specific 

Tlic concept of imbalance, on the ot icr ^ - balance causes a 

meaning and refers to those i,J.^,i'on can be exemplified 

severe depression m growth rate. Th ^,i,li,jon of gelatin m a 

by the obseivation of Salmon (igS l) ‘i ,1,11 n.vs specifically 

loss- protein diet caused a depression m g ■ amino 

prevented by trytophan. Interactions of this tspe am g 
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acids have been demonstrated on many occasions during the last 
decade. 

It was proposed by Harper {195®) such amino acid interactions 
could be ivided into three categories: imbalanceSj where the effect of 
the added amino acid is reversed by supplementing the diet with the 
limiting amino acid; antagonisms, where the effect is reversed by an 
amino acid other than the limiting one; and toxic effects where no 
-single amino acid supplementation reverses the growth depression. 
Although it is feasible to classify interactions in this way it is not 
justifiable to infer that disparate mechanisms are involved. More 
detailed information on individual instances of interaction is necessary 
before assuming an underlying cause of the phenomena. 

There are two general mechanisms that have been proposed to 
account for these interactions. The first of these proposes that the 
effect of the added amino acid is to cause impaired utilisation of another. 
The presence of excess amino acid is thought to increase the activity 
of the mechanisms of disposal and-concomitantly some of the limiting 
amino acid may be lost. Furthermore, if the growth rate of an animal 
is decreased a greater proportion of its dietary intake is diverted to 
maintenance which itself implies less efficient utilisation: but there is 
no clear evidence suggesting that impaired utilisation is the first cause 
of growth depression. 

The second general mechanism proposed by Fisher and Shapiro 
(1961) implies that the depression in food intake which always results 
from the ingestion of an imbalanced diet is itself sufficient to account 
for the growth depression. It is possible that an elevated or deranged 
pattern of plasma amino acids might result in the reduced food intake 
via a hypothalamic mechanism. 

Experimental 

The outlook taken in a programme of research at the University of 
Nottingham is to examine the detail of interaction between amino 
acids, particularly in terms of its scope. In the first instance the inter- 
action between lysine and arginine was examined with the thought that 
subsequent studies ^vould be designed with threonine and tryptophan, 
with leucine, isoleucinc and valine, or with other groups. The approach 
was based on the concept of an agent amino acid invoking the response 
and a target amino acid which required also to be added to restore 
growth (Smith and Lew’is, 1964a). The reversibility of the interaction 
was examined and also the scope of alternative agents or targets. 

^ In the first instance it is possible to demonstrate the lysine-arginine 
interaction. 1 he basal diet used in a scries of experiments is described 
in Table i. The arginine level is marginally adequate (sec Lewis, 
Smitli and Payne, 1963) whereas the lysine supply is sufficient. TIic 
addition of lysine to the basal diet (Table 2) results in a marked growth 
depression wliich is prevented ifargininc is also added. An experiment 
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has been carried out (A12) using the same basal diet to test whether 
histidine can act as an alternative agent of interaction. The addition 
of histidine caused some depression in growth at the 6-week stage 
(Table 3), but it was much less severe than on adding lysine. If 


TABLE I 


Basal diet {A11-A14) 

iCamposition expressed as percentage of dry matter except for protein which is 
expressed on an air-dry basis. The supplement contains the levels of ammo acid 
stated: the figures for composition do not include the supplementary amounts) 


Ingredients (per cent) 


Maize meal 55 

Maize gluten meal 37 
Dried whey 3 

Supplement 5 

DL-methionine o*i 

DL-tryptophan 0-2 

L-tyrosinc 

L-lysine o ^ 

Glycine 0*3 


Composition (per cent) 


Protein (NX 6-25) 2f6 

Arginine ®’79 

Histidine 
Lysine 

Methionine+c>-stine 0*95 

Tryptophan 0’*4 


TABLE 2 

Liveweight and food conversion efficiency of birds fed diets supplemented with either 
lysine or arginine or both amino acids (Air) 

[Mean values for 6 replicates of lo birds: groups of ^ ^ 

day-old, reduced to ro at 7 days and experimental diets gii ) 

. r. .. • 


Treatment 


Liveweight 

(sO 


3 \vccks 

264 
267 
238 


^ Basal 

+0-2 per cent arginine 
j 4-0-6 per cent l>‘sinc 
1 -f-o-2 per cent arginine 

and 0-6 per cent Ipinc 271 

ts.E. is • 


C weeks 
75* 

73B 

GG6 


759 
•12 0 


Food 

conversion 
(g. food/g. 
%veight gain) 


/-Basal 


-fO'2 per cent arginine 
-|-o-Gpcr cent Ij-sine 
-rO-2 per cent arginine 
and o 6 per cent l^inc 

s.i:. 


I 7G 
1-7* 
1-83 

I Go 

o 027 


2 25 
2 23 
2 30 

2 in 
0031 
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It is possible that the absence of any response in testing for trypto- 
phan as an alternative target is accounted for by the relatively high 
tryptophan content of the basal diet in relation to arginine. A further 
basal diet was therefore prepared (Table 5) in which the tryptophan 
content was only 0-07 per cent. The addition of tryptophan resulted 
in a marked growth stimulation (Table 6) but supplementation with 
lysine did not depress growth . There was however a slightly unexpected 
depression on adding arginine alone or in the presence of tryptophan. 

TABLE 3 

Liveweight of birds fed diets supplemented with arginine, lysine, histidine or 
arginine and histidine {A12) 

{Mean values in g.for 6 replicates of 10 birds) 


Treatment 

3 weeks 

6 ^vceks 

Basal 

256 

740 

4-0*2 per cent arginine 

285 

773 

4-0*3 per cent lysine 

219 

659 

+0*13 per cent histidine 

253 

720 

+ arginine and histidine 

273 

766 

4*arginine and histidine 

283 

827 

S.E. 

±6*6 

±20*9 


TABLE 4 

Liveweight of birds fed diets supplemented with arginine, lysine, tryptophan or a 
mixture of three amino acids {A14) 

{Mean values in g.for 5 replicates of 8 birds) 


Treatment 

2 weeks 

4 weeks 

Basal 

177 

345 

4-o*2pcr cent arginine 

*74 

376 

4- 0-6 per cent lysine 

141 

228 

+0'2 percent tryptophan 

183 

363 

4-arginine and lysine 

162 

306 

4- tryptophan and lysine 

*35 

180 

4- arginine and tryptophan 

177 

323 

4* arginine, tryptophan and lysine 

156 

239 


The basal diet was also used in a preliminary experiment (A16) to 
identify a tryptophan-threonine interaction (see Florentino- and 
Pearson, 1962). The results in Table 7 show that tryptophan addition 
resulted in a grotvth stimulation but that the depression noted on adding 
threonine w.as not statistically significant. It is possible that in tliis case 
the tryptophan content is too low for an interaction effect to be demon- 
strated. 

It is apparent from these obscrv'ations that the interaction effects 
arc not easily demonstrated. It has not been possible to show clearly 
any alternative agents to lysine or targets to arginine in this interaction: 
nor has it been possible to shoiv the reversal of the process. It is cither 
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possible that interactions of this type are of limited distribution or that 
they are only invoked when relative amino acid balance is subtly 
poised to produce a particular relationship. 

TABLE 5 

Basal diet with a low tryptophan content {A15-16) 

{Composition expressed as percentage of dry matter except for protein which is 
expressed on an air-dry basis. The supplement contains the levels of ammo 
acid stated: the figures for composition do not include the supplementary amounts) 

Composition (per cent) 


Ingredients (per cent) 
Mai2e meal 64 

Maize gluten meal 20 

Zein 7 

Dried whey 3 

Supplement 6 

DL-methionine O' 

L-tyrosine 
L-lysine 
L-arginine 
Glycine 


Protein (NX 6-25) 
Arginine 
Lysine 
Tryptophan 


22'6 

078 

0-34 

007 


0-6 

0-3 

0*6 


TABLE 6 

Liveweight of birds fed varying amino acid supplements {A15) 
{Mean values in g.fory replicates of 8 birds) 


Treatment 

Basal 

+0*2 per cent arginine 
■fo-6 per cent lysine 
-f 0'2per cent tryptophan 
+ arginine and lysine 
4- tryptophan and lysine 

4 * arginine and tryptophan 

+ arginine, tryptophan and lysine 


2 weeks 

132 

129 

133 

180 

185 
168 

186 


3 weeks 

163 

t03 

167 

295 

145 

305 

272 

3>4 


TABLE 7 

Liveweight of birds fed a diet supplemented with tryptophan or threonine 

mixture of the two {A16) 

{Mean values in g.for 6 replicates of 6 birds) 

2 ^veeks 3 ' 


Basal 


Treatment 


sal 

4-0-15 percent tryptophan 
-f 0-35 per cent threonine 
•fo-6s per cent threonine . 

4- tryptophan and 0-35 per cent 
4 - tryptophan and o C5 per cent threoni 


>veeks 

«59 

1O2 

15O 

157 

179 

t 77 


3 weeks 
23G 
29« 

223 

287 

284 


4- tryptophan and o 05 per 

It is nlso appropriate to comment 


i..,.. out by 

tlonr Iirr-Uiir of 
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the hypothesis that the extent to which an amino acid caused a dele- 
terious effect when present in excess might be related to the ease with 
which it entered into metabolic pathways of catabolism and was 
removed from the metabolic pool. One may contrast the behaviour 
of lysine and arginine: the former is, in the mammal at least, relatively 
metabolically inert and is a potent agent of interaction, whereas the 
reverse is true in the case of arginine. A study of the pathways of cata- 
bolism of amino acids in the bird was therefore initiated. Generally 

TABLE 8 

Oxygen uptake of acetone powders of chick and turkey liver 
{Incubation at 2j°C. in presence of zXto~*M CN~: molarity of substrate, 
0-02 M: pH, S-o: activity expressed as fc mole. 0 ^ absorbedjg. powderjhr.) 


Supernatant 

, ^ 1 — A ^ 

Fraction 



Whole 

liver 

Nuclei and 
mitochondria 

precipitated 
at pH 5’5 

Remainder 

Turkey 

Control 

19*9 

12-5 

J5*4 

>7-7 

4- L>-5lne 

27*5 


»37 

26*2 

Chick 

Control 

103 

70 

170 

6-9 

4- Lysine 

10-4 

71 

200 

7-2 


L-amino acid oxidases arc of limited occurrence and low activity in 
mammalian systems, but there arc indications that direct oxidative 
deamination may be more of significance in birds. Such an enzyme 
would, if of limited specificity and \vith an adaptive character, assist 
in elucidating the mechanism of the arginine-lysine interaction. 

The oxidative properties of avian liver preparations were examined 
in the presence of added amino acids (Smith and Lewis, 1964^)- The 
results in Table 8, using both turkey and chick liver preparations, sho^\’ 
some increase in oxygen uptake upon adding lysine. Acetone powders 
were prepared from whole liver and various fractions obtained following 
centrifugation is isotonic sucrose. Cyanide was added to inlubit 
cytochrome oxidase activity. It was indicated by incubation in the 
presence of hydrox7laminc (Tabic 9) that the process was probably not 
one involnng transdeamination. From these obscrv'ations it can at 
least be suggested that a mechanism which might account for some of 
the phenomena of amino acid imbalances, is an increase in oxidative 
catabolism in response to excess amino acids which carries with it the 
limiting amino acid. The possibility of an adaptive increase in activity 
of the L-amino acid oxidase in resportse to dietary intake has been 

demonstrated (Table 10). Insufficient results arc available on the b.asis 
of which to decide whether these small differences arc statistically 
significant. 
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Both these research programmes are continuing. Attempts are also 
being made to study the basic mechanism of the interaction by follow- 
ing plasma amino acid levels and the pattern of excreted nitrogen under 
defined circumstances of dietary amino acid balance and recorded 


TABLE 9 

Oxygen uptake of the pH fraction of chick liver 
{Incubation at^y^C in presence of 2Xio~*M CPf : substrate, 0-03 M , pH,8 0) 


Oxygen uptake 
(fjL mole/g./hr.) 


Amino acid 

No NHjOH 

+2 X io“*M NHjOH 

Control 

18-3 

17*4 

Histidine 

40-1 

384 

Arginine 

39-2 

— 

Leucine 

34*8 

— 

Lysine 

29-9 

29 7 

Tryptophan 

29-8 

— 

Glutamic acid 

25-9 

131 

Phenylalanine 

21*5 

— 

Methionine 

187 

— 

Valine 

t8-6 

— 


Relative rate by 
oxidase of 

Struck and Sizer (i960) 
27 

51 

100 

78 


75 

48 


TABLE 10 

Oxidase activity of chicks on different diets 

{Mean oxygen uptake of acetone-dried “pH 5-5 ‘if 

o-oaM substrate and. X ro-‘''CN- at37°CandpH8-o: acUvtty 

II mole O2 absorbedjhr.lg. powder: each group ts of ten birds of 6 wee f g 


Groups receiving normal diet (o-g per 
1 

cent lysine) 

II 

Control 

+ 0-02 M'lcucine 

4-0-02 M-lysine 

Mean wt. of birds (g.) 

I4-I 

x 6-5 

14-3 

760 

i2'r 

13- 8 

14- 1 

720 

Groups receiving diet with excess Ij-sinc (i 5 per ce ) 

III IV 

Control 

-f 0-02 M-leucine 
-f 0 02 M-h'sinc 

Mean wt. of birds (g.) 

II-6 

iG'4 

141 

45 » 

130 

14-2 

13-6 

330 


growth depression. That the agent ammo "^‘^^,™^.|‘‘_Xorption sites 
by an infiucncc of competition at alimentary 

should also be considered. «rti,rce rlrcumstanccs 

A final point can be made on the •'‘PP“^“ = u^i.inccs have been 

to conditions of poultrj’ production. " achieved, the 

eliminated and a perfect dictar>' ammo aci ‘ \iio„3nccs that arc 

requirements for amino acids arc minima . ‘ ' Jildv 

recommended must include a graded margin to accommodat 
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deviations from an ideal balance. When the lysine level is optimal it is 
found that 0-8 per cent dietary arginine is adequate; for every 0*2 per 
cent increase in lysine above this it would seem the need for arginine 
goes up by o-i per cent. 

It is only when basic biochemical interactions are understood that 
experimental nutritional observations can be clearly interpreted. 
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AMINO ACID ALLOWANCES FOR LAYERS 
B. R. Taylor, C. G. Payne and D. Lewis 

Department of Agricultural Sciences, University of Mttingham 
Synopsis 

The optimal amino acid allowances for layers have, in 
instances, been determined by procedures involving ^ ^ ^ ^ 

basal diet of one or more essential amino acids in gra e amoun . 
Any measured response to an added test amino aci serves on y 
define the level at which a second amino acid becomes ““dmg. 

In the trial reported, a sequential arrangemen o ^ . 

supplementation was aimed at, with the final objec o 
balanced pattern of amino acids. 

Introduction 

Although several different procedures have ^‘ch 

mine the optimal amino acid allowances for Before 

indecision with respect to actual recommende 

commenting upon an experimental P-f ™ that are 

ducted it is appropriate to discuss some of P 

In some instances a purely ^ jevcl^'o'r production 

namely to analyse a diet known to support g allo^vance. 

and to^deem the^mino acid conmnt to be the 

This approach is too rigid since it is irnpossib Altering the 

altering the level of aV one individual “"Change the levels 

proportions of the protein-containing jngredie 

of all the amino acids in the diet. „,i,i;„„ (Traded supplc- 

Another widely adopted approach invo yes ^ rnaximum level 

ments of free amino acids to intact protein le s j-^ntial to define 

of production is attained. In this procc ,1,^. one speci- 

carefully in the diet the level of ammo aci amino 

fically being examined. In principle the ^“P° a second 

acid may be regarded only to scr\'c to define 

amino acid becomes limiting. formula proposed by 

A tliird procedure can be cxcmphfic > • ^ methionine 

Combs (i960, .961,1) to calculate the requirement 
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from a consideration of the factors which can affect the needs foi an 

amino acid. The formula proposed was: 

, . . C(o-05W+6-2AW+5E)^^ 

Percentage methiomne-^^^^^ (i.52H^”-“^±3-26AfK+3-29£j 

where G^^^kcal. metabolisable energy per lb. diet, T'K=average body 
weight of hens (g.), AM-'^average daily body weight change (g.), 
average weight of eggs per day (g.) and T=a temperature correction 
factor. The term C represents a factor known to regulate voluntary 
feed intake; W allows for a greater requirement in the heavier bird; 
ATT accommodates any liveweight gain; and Th a temperature correc- 
tion factor to allow for the fact that the needs of the bird differ between 
warmer and colder periods. Requirements for the other amino acids 
were calculated from their ratio to methionine in whole egg protein. 
It has been considered that allowances derived in this way are successful 
to account for different utilisation of dietary energy supply. 

A different approach has been adopted by Fisher (ig6i). The 
allowance is calculated by summarising together an assumed amount of 
amino acid needed for maintenance and the amount appearing m a 
50 g* egg. Values were expressed as intake of amino acid in mg. per 
bird per day. Since dietary energy level can influence food intake and 
hence amino acid intake, dietary amino acid levels must be adjusted 
accordingly to meet intake requirements. 

Studies on nutritional allowances for the chick have been relatively 
successful with an approach based upon the use of free amino acids. 
However, such studies have been less successful when applied to the 
allowances for the laying hen. Johnson and Fisher (1959) were able to 
devise a diet which could support egg production, but egg weight and 
body weight of the birds were not maintained. Adkins, Harper and 
Sunde (1961) found that their diets supported body weight but only 
a poor level of production. Since the amino acids in such diets must be 
supplied as free amino acids and not as proteins, dietary ingredients 
tend to be atypical and secondary effects can influence the results. 
Further, the cost of free amino acids imposes a limitation upon the 
magnitude or duration of a feeding trial. 

A further approach to establishing amino acid allo^vanccs has been 
used based upon the radioactive isotope, S®^. Diets containing this 
isotope were fed to laying birds and its incorporation into the hen’s 
body tissues and into the egg protein was measured. It was postulated 
that an amino acid deficient diet would increase catabolism of the hen s 
body protein, resulting in an increased deposition of in the egg 
protein. A comparison of the amount of appearing in the eggs from 
control and test diets should enable the allo\v’ancc for the test amino 
acid to be derived. Unfortunately inaccuracies of the technique and 
poor food intake have as yet prevented any success in the use of this 
method. 
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Materials and Methods 

When deriving amino acid allowances from theoretical considera- 
tions it is impossible to account simultaneously for all the factors which 
can influence the allowance. It may, therefore, be of advantage to 
adopt a direct approach in which dietary levels can be related to 
performance under specified conditions. Amino acid allowances arc 
conventionally expressed as a percentage of the diet at a certain total 
level of protein. Proteins provide essential amino acids and the mater- 
ials for the synthesis of the non-essential ones, A given protein level 
can be made up of different amino acid patterns depending on the 


TABLE I 

Composition of basal diets 


Maize meal 
Ground wheat 
Fishmeal (white) 

Soyabean meal (50 per cent protein) 
Fat (H.E.F.) 

Limestone 

Supplement 


Protein content (per cent N X 6-25) 


A 

50 

35 

2*5 

o 

2-5 

5 

5 

too 

10-5 


B 

45 

34 

2-5 

5 

3’5 

5 

5 

JOO 

J2-5 


35 

37'5 

2-5 

to 

5 

5 

5 

too 

> 4-5 


proportion of cereal to animal protein. However, w en . , 

and soyabean are the main protein-bearing mgre ten . . 

protein provides marginal amounts of snlvrd bv 

problem of defining amino acid allowances cou us _ 
adequately supplementing such diets with free ammo ' ^pj^lv 
that the amino acid supply in such diets is m some ' ‘ ^ 

adequate, however, inhibits the responses 

group of three basal diets of 10-5, 125 ‘f 5 --irl allowances 

respectively have been used in a trial to cstabhs amm ‘ ‘ j j 

(Ta\le O.^t was at least expected that --Tr compodtil 

essential amino acid supply ‘ ^posc of this initial 

of the supplement is given 1" ’I?*’'' ,,.crc limiting 

expenment was to attempt to define \^hlch trml where onlv 

in the basal diets and the sequence of limitation, n . response 

one amino acid is added in graded amounts ^ becomes 

scr^-es only to define the level at which a r"’ ...jd sup- 

limiting. In this case, a scq^icnfal arrangemen bnlanccd 

plemcntation was aimed at with the final o y „:,:nn of the ba^nl 
pattern of amino acids. Tlic amino acid ^omp /-p^iblc 3) and 
diet was determined by analysis of the ingre icn s 'Hiesr were 

the \*alucs compared with a series ofproposet a .Tniino 

derived by judicious selection from the data novv 
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TABLE 2 

Composition of supplement 
{expressed as final concentration in the ration) 


Limestone cent 2*7 

DLcalcic phosphate 

Sodium chloride »» ®'3 


Manganese nig./kg. 6o 

Zinc » 40 

Iron ♦) 

Copper - 2 

Iodine * 

Cobalt it 


Vitamin A *i.u./kg. 

Vitamin Da ,, ^25® 

Vitamin E ,, 4 

Menadione Na bisulphite mg./kg. B 

Choline chloride „ 3®® 

Ca pantothenate „ 8 

Riboflavin „ 4 

Folic acid . „ t 

Vitamin Bu „ o*oi 

Nicotinic acid „ 20 


B.H.T. (antioxidant) percent 0‘0i25 

DL-methionine >, O’to 

Carophyll 10 (pigment) mg./kg. 10 


Wheat to 5 per cent (level of inclusion) 


TABLE 3 

Amino acid composition of basal diets 
{DL-methionine (o*/ per cent) also included in supplement) 




Per cent diet 


Proposed 


A 

B 

C 

allowance 

Lysine 

038 

053 

0*69 

0-55 

Histidine 

0-26 

0*29 

0*34 

0*20 

Methionine 

0*25 

0-26 

0-26 

0*28 

Meihionine-f- cystine 

0-49 

0'52 

0*55 

0-50 

Tryptophan 

0-07 

O'lO 

0*12 

0-15 

Fhcnylalaninc 

0-47 

056 

0-66 

0*50 

Phcnylalaninc+tyrosine 

0-85 

I'OI 

i*i6 

0-85 

Leucine 

1*01 

IM2 

1-23 

o*8o 

Isoleucinc 

0'4i 

0-50 

0'6o 

0-55 

Threonine 

0-40 

0-52 

0-64 

0*40 

Valine 

051 

065 

0-67 

0‘6o 


acid requirements (Tabic 4). On the basis of these values it ^vas 
considered possible that lysine, tryptophan, isoleucinc, valine, phenyla- 
lanine and threonine were limiting or marginal. Sixteen experimental 
treatments were thus devised (Tabic 5). 
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A group of 1 ,200 White Leghorn hybrids were purchased at day-old 
and reared intensively. For the first 8 weeks of life the chicks received a 
standard chick starter ration of 19 per cent protein and 2,800 kcal. 
metabolisable energy per kg. From this stage until the trial com- 
menced the birds received a diet of 1 6 per cent protein and 2,600 kcal. 


TABLE 4 


Essential amino acid requirement of the laying hen 


{expressed as percentage 

NRC Fisher 

(i960) (1958) 

diet) 

Combs 

(19616) 

Proposed 

allo^vances 

Lysine 

050 

0*55 

o-6o 

0-55 

Histidine 

— 

0*20 

0-21 

O '20 

Methionine 

028 

0-26 

0-28 

0*28 

Methionine+ cystine 

0*53 

0*44 

0-49 

0-50 

Tryptophan 

015 

0-13 

OM5 

o-rs 

Phenylalanine 

— 

046 

0-50 

0-87 

0*83 

0*50 

0-85 

o-8o 

Phcnylalanine+ tyrosine 
Leucine 

1*20 

0-79 

0-75 

Isoleucine 

0*50 

0-55 

o-6o 

0-55 

Threonine 

0*40 

040 

0'44 

0*40 

o-6o 

Valine 

— 

0*59 

065 


TABLE 5 

Experimental treatments 


1. Basal diet A (10*5 per cent protein) 

2. Basal diet+O'i per cent lysine 

3. Basal diet+o*05 per cent tryptophan 

4. Basal diet+o-i per cent lysine tryptophan per cent isolcucine 

5. Basal diet+O'i per cent lysine+o*05 per cent cent vahne 

6. Basal dlet+OM per cent lysinc+o-oj per cent ti^^p p 1 0.0= per cent isolcucine 

7. Basal diet+o-i per cent lysine+0-05 per cent tryptophan + o 03 per 

+0-03 per cent valine . , nrr cent isolcucine 

8. Basal dict4-o-l per cent lysine-|-0-05 P“ + threonine 

+0*05 per cent valine+o-025 per cent pheny 


9. Basal diet B (i2'5 per cent protein) 

10. Basal dict+O'OS per cent lysine 

1 1. Basal diet-}-0’025 per cent tryptophan 
t2. Basal dict+O’Oj per cent isolcucine 

13. Basal dict4-0’05 per cent Iysinc+0'025 per 


cent tryptophan + 0 03 per cent iioleucine 


14. Basal diet C (14*5 per cent protein) 

15. Basal dict4-0'05 per cent Ipinc 

iG. Basal dict+o*025 per cent tryptophan 


metabolisable energ>' per kg. At i6 each 

the birds were placed in the laying cages. containing all the 

lapng cage. There rvcrc four replicate ’ “ ' ^fpeci tine to 

treatments arranged in sticli a 'vay as t 

proximity to the door or height from the floor. ^ of agr. 

The trial was continued until the birt s s\ j ^ intal.e, 
Records were kept of egg numbers, egg urigi , 
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weight and mortality. Representative eggs were periodically analysed 
for albumen quality measured as Haugh units. 

Experimental Results and Discussion 

No significant differences were observed in mortality or in internal 
albumen quality measured as Haugh units. The results obtained during 
the experimental period are summarised in Table 6. There was a 
significant increase in egg weight between the 10-5 and 12-5 per cent 
protein diets, but not between the 12-5 and 14-5 per cent protein diets. 
Supplementation of the 10-5 per cent protein diet gave responses but 
only in rations 7 and 8 were these significant. It seems, therefore, that 
the 12*5 per cent protein diet provided sufficient amino acids to maintain 
egg weight. ^ _ .... 

There was a significant increase in egg production with increasing 
dietary protein level. Supplements to the I0’5 per cent protein diet 
gave significant increases, but production did not reach that of the 
12'5 per cent protein diet. A lysine supplement to the 12-5 per cent 
protein diet gave an insignificant decrease, but tryptophan and iso- 
leucine supplements resulted insignificant increases and a mixture of all 
three amino acids gave an encouraging response to a level which 
equalled that of the 14-5 per cent protein diet. At the 14-5 per cent 
protein level, a lysine supplement gave a marked depression, but a 
tryptophan supplement gave a good response and this diet supported 
excellent egg production. 

The responses shown to lysine supplementation merit further 
attention. At the I0'5 per cent protein level there was a marked 
increase showing lysine to be limiting whereas at the I2'5 per cent 
protein level there was no response, and at the 14-5 per cent protein 
level there was a marked depression indicating the lysine allowance to 
have been extended. It would in fact appear that in the 10-5 per cent 
protein diet, lysine was the first limiting amino acid, whereas in the 
1 2 '5 per cent protein diet it was isoleucine and in the 14-5 per cent 
protein diet, tryptophan. 

A comparison of rations 5, 7 and 8 with ration 6 suggests that the 
inclusion ofisoleucinc reduces the response to added amino acids. This 
effect may be attributed to an imbalance involving isoleucine. At the 
12-5 per cent protein level, an isolcucine supplement gave a marked 
response. Similar effects were noted by Bray {1964) who found an 
imbalance at the g per cent protein level, which could be corrected 
by supplements of other amino acids. 

March and Bicly (1963) have suggested that amino acid balance 
could modify egg weight and that balance of amino acids is more 
critical for egg Height than for egg production. Results Iiere suggest 
that amino acid imbalance affected production ratber than egg weight. 
Johnson and Fisher (1959) showed that a iO'4 per cent protein diet 
could maintain production, but not egg weight and suggested a lack of 



TABLE 6 

Summary of results during the experimental period 
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non-essential nitrogen was the cause of this. It is possible therefore that 
the balance of amino acids exerts an effect on egg weight when there is 
a shortage of non-essental nitrogen. In the case reported here, there 
was no such lack and effects of imbalance manifested themselves in 
egg production rather than egg weight. 

Food intake data {Table 5) show no differences expressed as g. per 
bird per day. Some reports have appeared indicating an increased 
food intake to compensate for low protein levels. In this instance, 
however, the homoestatic energy regulation seems to have been the 
dominating factor. Food intake expressed as g. per bird per day 
showed no significant differences. There was no tendency to increase 
food intake to compensate for amino acid inadequacies. 

Although one diet supported an excellent level of production 
(ration 16) it cannot be assumed that this diet provided the optimal 
amino acid allowances. Further studies arc being conducted to estab- 
lish limiting amino acids and to define optimal levels of supplementa- 
tion. The aim will be to improve production through amino acid 
balance. In particular the relative levels of tryptophan and threonine 
and of isoleucine, leucine and valine will be more closely investigated. 
It is possible that antagonistic relationships between these amino acids 
exist in the laying hen. 
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BIOASSAY OF AMINO ACIDS 

H. O. UwAEGBUTE AND D. LEWIS 
Department of Agricultural Sciences, University of Nottingham 


Synopsis 

In any assessment of amino acid availability that involves the measure- 
ment of the rate of grotvth of chicks in relation to graded inclusions of 
standard amino acid and test protein, all responses to the 
other than those due to its contribution of the 
assayed must be eliminated. In this respect it is essen la 
differentials in dietary protein levels that generally 
addition of graded levels of test 

relative amino acid imbalance in basal die s an distort the 

imposed upon these by adding test protein t^l only sr^e to 
response of the chick to the amino acid bojng assayed 
eliminate these so-called protein effects considerably reduces 

“s? TZ 

establish for the chick an optimum balance of am 

dietary protein and to --;;=^Y‘;;!“;^°a^rithout invoking the so-called 
protein supplementation can be enccie 

protein effect. 

Introduction 

The nutritive value of a P™t-"Jidetermincd not only^by i« 
acid content but also by the availability to c given to 

amino acids. Despite the considcrab c a '^' 1 ' , jj (j jt is seldom 

the amino acid composition of the proteins ,,e 

possible to state the proportions of the “-^rai^edly inC^ 

av-ailablc. Since processing and storag carr>' 

amino add availability it is particidarly important to be able ry 

out determinations on the types of diet • “ n-inn acids most likely 

Methionine and lysine are the of plltry- It is 

to impose a limitation upon the E™"* ' establish the biological 

therefore necessary to P^Carpenter {19G0) has dcsclopeti a 

availability of these amino acids. • rp /j.imino croup of 

chemical t'est that measures the o produce a 

lysine is not involved in a chemical bond. 1 Im seems 
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value that is related to the availability of the amino acid but it docs not 
take into account the other factors which can also modify availability. 
The results obtained by this technique ought to be regarded as maximum 
values. Several bioassay procedures have been proposed but in no 
instance has all the requirements for a satisfactory bioassay technique 
been met. 

When information is sought regarding the availability of a nutrient 
it is essential that the determination be carried out using the species for 
which the knowledge is required. The full requirements for growth 
of the species must be known. The response measured in the assay 
must be a function only of the nutrient that is being assayed; no partial 
replacements, complementary effects or antagonistic responses to other 
factors can be acknowledged. The assay should be applicable over a 
wide range. The response of the test animals must be linearly related 
to the supplementary materials added, or to some function of such 
doses. The responses to graded doses of test and standard materials 
must show a statistically satisfactory relationship in terms of the 
parallel line or slope-ratio analysis. In this work the former is advo- 
cated essentially since the slope-ratio method normally adopted is not 
based upon a logarithmic dose assessment. A constant response is 
essential upon repeated assay and all secondary limiting factors must be 
eliminated from the working range of the assay. In the present work 
two aspects have received particular attention: the elimination of the 
so-called “protein effect”, and the establishment of “maximum 
growth”. 

In any assessment of amino acid availability that involves the 
measurement of the rate of growth of chicks in relation to graded 
inclusions of standard amino acids and test protein, all responses to the 
test protein other than those due to its contribution of the amino acid 
being assayed must be eliminated. In this respect, it is essential to 
avoid the differentials in dietary protein levels that generally result from 
the addition of graded levels of test protein. Furthermore, conditions 
of relative amino acid imbalance in basal diets, and the varied changes 
imposed on these by adding test protein will only serve to distort the 
response of the chicks to the amino acid being assayed. Failure to 
eliminate these so-called protein clfccts considerably reduce the value 
of assay procedures. The assay procedure described here eliminates 
these effects by maintaining in all diets, equal protein levels, consistent 
amino acid balance and an equivalent contribution in terms of meta- 
bolisable energy. 


Experimental 

In any bioassay procedure based upon growth it is important to 
ensure that a good overall nutrient balance is maintained. A poor 
amino acid balance will adversely affect utilisation just as will incom- 
plete digestion and absorption. This would result in a false assessment 
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of low availability. It is, therefore, desirable to establish maximum 
growth” and to maintain this standard with the higher levels of test 
supplementation even if only to demonstrate that no secondary factors 
are imposing a limitation upon growth. 

In an attempt to establish a basal diet that accommodated good 
chick growth several mixtures were prepared based upon maize and 
sesame meal (3,250 kcal. metabolisable energy per kg.). Crysta me 
amino acids were added in each case to achieve a final level equivalent 
to 20 per cent protein (per cent Nx6-25). When the diets were 


TABLE I 

Effect of amino acid supplementation of maize-sesame meal diet 
1^20 per cent protein, 3,2^0 kcal. metabolisable energy per kg., form of diets and 
nature of supplement as in Table 2) 


Amino acids adjusted to NRC 
(i960) 

Amino acids adjusted to lao per 
cent NRC (i960) 

Amino acids adjusted to Dean & 
Scott (xg6a) 

Maize*sesame meal diet (+o-8 per 
cent lysine) 


Liveweight gain 

(&-/<iay) 

14.21 days 

Per cent 
dietary nitro- 
gen retained 
(21 days old) 

i6‘0 

50 

i 8-5 

56 

21'0 

63 

22*5 

65 


Food conversion 
ratio 

2-or 

r-84 

I-7I 

1-64 


prepared in such a way that the “h 

Research Council (i960) were only just met (see Tab ^ 

rate of the chicks within the period of 2 m 3 weeks wa equivalent m 
16 g. per day, but when the recommended levels were ^“.^7 
20 per cent the total protein still remaining amino 

the rate of growth was 18-5 g. per ^ Smtt fiQ62) and the 

acid patter'n was adjusted to that Dean and Sco« ^(igSaj^and.^^^ 

birds grew at a rate of 21 g. per day. a d .Ivsine supported a 

sesame meal mixture with o-8 used in the 

growth rate equivalent to 22-5 g. per day. rorninn acid balance 

bioassay procedure developed, this final pattern of ammo acid 

was maintained. , Hevised 

The essential nature of the bioassay proce ^ure ^ protein basal 

is that various supplements arc made iintcin sources, in each 

diet, including both standard levels of lysine o p 

case to a stage equivalent to a 20 per ^ ,g per cent 

composition of the basal diets is give • " protein by 

protein basal diet can be made cquiva en experiments (Table 

the addition of 4 per cent protein. In pre ‘ , ' |,en sesame meal 

3) it seas shown that a similar response was ™ "bridge the 

or an amino acid mixture simulating sesame meal u as used g 
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gap. In the actual bioassays the i6 per cent protein basal diet is made 
equivalent to 20 per cent protein by the addition of graded amounts of 
test protein and quantities of amino acids calculated to maintain the 
20 per cent protein pattern. The standard series within the actual 
bioassays was also prepared from the same 1 6 per cent protein basal diet 

TABLE 2 

Composition of basal diets {per cent) 

{Sesame meal of 38 per cent protein: the maize fat proportions can be adjusted to 
give a constant energy level: the supplement provided in mg. per kg. diet, limestone 
20,000, dicalcic phosphate 1^,000, MaCl 3,000, Mn 80, fn 50, Fe 20, Cu 2, 
Mo 2 , 1 i-o, Se i-o, Co 0-2, Fit. si 6,000 i.u., Vit. E j i.u., Vit. K g, choline 
chloride 800, pantothenic acid 10, riboflavin 5, folic acid i-g, Vit. 0 02, 
nicotinic acid 23, procaine penicillin 25, amprolium 123, B.H.T. 123) 



A 

B 

C 

D 

Sesame meal 

31 

37 

43 

48 

Maize meal 

57 

5' 

45 

40 

Fat 

5 

5 

5 

5 

Dried whey powder 

3 

2 

3 

2 

Supplement 

5 

5 

5 

5 

Crude protein (N x6'25) 

• 16 

18 

20 

22 


TABLE 3 

Effect of amino acid supplementation of maize-sesame meal basal diets 
{Details of composition as in Table 2, EA AS— essential amino acid mixture to 
bridge a gap, GA —glutamic acid, each result represents the means of 6 groups of 
10 birds) 



Livc>veight gain 


Percentage of 


fe./day) 

Food conversion 

dietary nitrogen 

Treatments 

14-21 da>’S 

ratio 

retained 

1. Basal A 

i8'8 

2-03 

58-8 

2. Basal B 

195 

rgi 

6o'4 

3. Basal C 

21*9 

1'64 

65-4 

4. Basal D 

22*3 

1-66 

65*2 

5- 1 4*FAAS4-GA*= 3 

21*3 

1*70 

64*5 

3+5 per cent fat 

ai-5 

I'Gg 

62-8 

7* 5+5 per cent fat 

21*7 

1*70 

64-3 

O' 3+5 per cent dried wlicy 

21*1 

i'7o 

650 

9* 5+5 per cent dried whey 

ai-5 

1-68 

63-5 


and in this case graded amounts of lysine were added together with 
quantities of the essential amino acids necessary to achieve equivalence 
with the 20 per cent protein basal diet plus an amount of glutamic acid 
to bring it actually to the 20 per cent protein level. Since all the amino 
acids and test protein supplementations arc made at the c.\pcnsc of 
maize, slight adjustments arc made in the maize-fat proportions. In 
this w.ay a constant metabolisable energy level is maintained. 

The standard diets arc prepared by supplementing the basal diet 
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{16 per cent protein plus amino acid mixture) with 0 05 per cent, 01 
per cent, 0-2 per cent and 0-4 per cent L-lysine hydrochloride. It is 
not advisable to use higher levels of lysine supplementation since it 
would jeopardise conditions of similarity with test levels essential for 
the parallel-line assay technique. For proteins of low lysine content 
e.g. groundnut meal, it may be necessary to eliminate the 0-4 per cent 
lysine level. The test protein supplementary levels are fixed by their 
protein and amino acid contents since the aim is to formulate all diets 
at the 20 per cent protein level. The total amino acid content of test 
proteins must be known in order to adjust the final ammo acid pa“ern 
in each diet to that of the 20 per cent protein basal diet. Thus all test 
proteins are added in such a way as to supply less than i per cent, 
2 per cent and 4 per cent protein respectively to the 16 per cent protein 
basal diet. This would raise the protein levels of the experimental 
diets to just under 1 7 per cent, 18 per cent and 20 per cent respectively. 
All diets are then made equivalent to the 20 per cent protein y 

the addition of calculated amounts of ammo acids ^ 

the gap. These points are best illustrated by reference to an assay of 

^'''?reSotidcompositionofthei6pereentbasalJe^^^^^^ 

assay is shotvn in Table 4. The difference between 
position of the 20 per cent protein basal diet is “P 

For the standard series, the 16 per cent protein ^ded es sen 

tial amino acids to be equivalent to the 20 f P™‘“" f l-iJ^ 

supplemented with o-i g^diets equivalent in terms of 

HCl. Glutamic acid was Ve test protein FM 2 

nitrogen (equivalent to 20 per cent Nx 5 )- prepared 

contained 72 per cent crude protein ^ 

containing 1-25 per cent, ^P^ consistent protein 

manner of supplementation with a 

level and amino add balance to 

maize-fat proportions are reflate ( y ^ quantities of 

maintain a constant energy level and *^/PP™P77^„tent 
glutamic acid are added to maintain a “^f^bvXacgbutc 

The full experimental details f-^Xalned are summarised in 
(1964) and some of the results alrea y - , nmtein concentrates 
Tables 6-9. The available '^The response para- 

have been expressed as g. available ' ^ nf the nrccision of the 

meters measured have been compare m the width of the 

estimate obtained with each of them. ncrccntage difference 

fiducial interval has been expressed as potency, 

of the upper and lower fiducial limits rom jntprvals, and hence 

It is clear from the tables that the narrow obtained from the 

the most reliable estimates of potencies . obsen'ation are both 

nitrogen retention data. The explanations feasible 10 

statistical and fundamental m origin. 
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suggest that the extent of body nitrogen retention is more closely 
related to the fate of ingested proteins and amino acids than liveweight 
gain and feed efficiency, since any increase in body liveweight is a 
function in which dietary factors other than proteins and amino acids 

TABLE 4 

Composition of the adjusted basal diet 

[The 16 per cent protein basal diet was adjusted to accommodate up to ^ per cent 
amino acid mixture of test protein: the amino acid mixture used contained a 
contribution of glutamic acid equal to I'j per cent of the diet: the metabolisable 
energy value was equivalent to SySgo kcal. per kg.) 

Basal diet (percentages) 

Sesame meal 31 Maiac-fat 58 

Dried whey 2 Supplement 5 

Amino acid or (minerals and 

protein 4 vitamins) 

Amino acid supplementation 
(percentage) 

' ^ ' "h 

20 per cent 16 per cent 

protein protein Addition (ff.) 

diet diet Difference to 20 lb. diet 

1*62 1*26 0-36 32*8 

0:59 0*49 o-jo 9*4 

0-42 0*34 o-o8 7*3 

0-84 067 017 I5'3 

0- 30 0-23 007 5‘9 

f62 1-21 0-4! 36-4 

1*96 1-57 0-39 35*3 

^■58 1*35 023 20-4 

I’By 1-70 0'i7 i6-i 

0'88 0*76 0‘i2 10*9 

1 - 08 0-85 0-23 20-2 

TABLE 5 

Amino acid contribution of test protein (FM 2) 

[The diet containing per cent FM 2 also contains 31 percent sesame mealy 
g6'2 per cent of the maize fat mixture and o-8 per cent amino acid mixture) 



16 per cent 



Diff. from 

Amount 


protein 

5*00 per cent 


20 per cent 

added in 


diet 

FM 2 

Total 

protein diet 

20 Ib. diet 


per cent 

per cent 

per cent 

per cent 

g- 

Arginine 

1-24 

0*26 

1*50 

O’ 1 2 

f r*t 

L>'8me 

0-47 

0-31 

0*78 

O’l I 

iO ’4 

hlethjoninc+ 






c^’stinc 

0-6G 

0 ‘i 6 

O -02 

0-03 

2*4 

Trypfopitan 

0-23 

0*04 

0-27 

0*03 

3’0 

Phenylalanine-h 






tyrosine 

>'54 

0-28 

1*82 

0-14 

I2’G 

Threonine 

0-74 

0*12 

0-8G 

0-02 

2-0 

\'alinc 

0-04 

0*19 

1*03 

0-05 

4-6 


Arginine 

Lysine 

Histidine 

Mcthionine4- cystine 

Tryptophan 

Glycine 

Phcnylalanincd- tyrosine 

Leucine 

Isolcucinc 

Threonine 

Valine 
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are implicated. The greater precision of relative potency estimated 
from nitrogen retention data over liveweight gain data arise also from 
the greater replication in time which occurs when nitrogen retention is 
measured. The comparable number of replicates for liveweight gain 
and nitrogen retention are 4 and 12 respectively. It is proposed to 
examine this problem further to see whether the superiority of nitrogen 
retention over the other response parameters is still maintained when 
the number of treatment replications is the same for all response 
parameters. 


TABLE 6 

Availability of lysine infishmeals 

[Values indicated by the symbol ± refer to the range of the fiducial limits for 
P, o-oy: the materials assayed were withdrawn from the samples held by the 
A.R.C. Protein Quality Group) 


Response 
parameter 
Weight gain 
7*14 days 
Food efficiency 
7-14 days 
Weight gain 
!4*2t days 
Feed efficiency 
14-21 days 
Nitrogen retention 
19-21 days 
Chemical assay 


FM2 

Available lysine 
g./i6g.N 

6*8 ± 8‘i percent 

7-2±r6-7 per cent 

7 0±i6-4 per cent 

7*5±i8-o per cent 

6-8±ii*o per cent 
60 


FM 7 

Available lysine 

g./i6g. N 

6*4±io*2 per cent 
6-6±15’8 per cent 

6-o±i2-5 per eent 

67±i 8-6 per cent 
6-4±iO'I percent 

5-5 


FM 20 

Available lysine 
g./i6 g. N 

6'3±iI' 8 per cent 

6-7±*6’4 per cent 

6-2±i 37 per cent 

6'3±i9*o per cent 

6-4 ±10- 1 per cent 

4-6 


TABLE 7 

Availability of lysine in meat meals 

(Values indicated by the symbol ± refer to the range 
P, 0-05: the materials assayed were withdrawn from the samples ty 
A.R.C. Protein Quality Group) 


Response 
parameter 
Weight gain 
7-14 days 
Food cflicicncy 
7-14 da>-s 
Weight gain 
14-21 days 
Food efiiciency 
14-21 da^-s 
Nitrogen retention 
1 9*21 da^-s 
CJiemical assay 


MM 19 

Available lysine 

g./i6g. N 

27 ±42-4 per cent 

2-4±4*'^ per cent 

3 5 i 20*5 per cent 

2-9±j0 9 per cent 

3*3 i 7 ® pee eent 
3*2 


MM 23 

Available lysine 

g./i6 g. N 

3- 5±38-5 per cent 

4- o±i7-5 per cent 
3.6^13-8 per cent 


3*5 ± 8 G per cent 

44 


MM 28 

Available Jpinc 

g./i6g. N 

3-8i2f5 per cent 
3 o ±365 per cent 
3.34 13-6 per cent 
3 7^270 per cent 

35± 5 7 I>"eent 

44 
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It can also be seen from the summary tables (6-9) of results that 
available lysine content computed from food efficiency data is generally 
greater than that computed from liveweight gain d^a m the same 
period. This is in agreement with other observations (Guttridge, 1902; 

TABLE 8 

Availability of lysine in soyabean meals 

(Values indicated by the symbol ± refer to the range of the fiducial limits for 
P 0-05: the materials assayed were withdrawn from the samples held by the 
’ A.R.C. Protein Quality Group) 

SB 9 SB 19 SB 21 

Response Available lysine Available lysine Available 

parameter g./i6g. N g>/i6 g. N g*/*®E* 


Weight gain 
7.14 days 
Food efficiency 
7-14 days 
Weight gain 
14-21 days 
Food efficiency 
14-21 days 
Nitrogen retention 
ig-21 days 
Chemical assay 


3 ' 4 ± 27‘9 percent 

3'9±a9‘4 per cent 

3*4±17‘6 per cent 

3'4±a7'9 percent 

3'4±io*2 percent 
4'J 


3- 2±i7-2 per cent 

4- o± 28-7 per cent 

3*5±27*i per cent 

3'3±9‘* percent 
3*6 


3't±«4'5 per 
3'5i2®'5 P®r cent 

3-3±27'2 per cent 

3'3±io' 6 per cent 
2*7 


TABLE 9 

AvaUahility of lysine in groundnut meals 
(Values indicated by the symbol i refer to the range of the fiducial limits for 
P, 0*05: the materials assayed were withdrawn from the samples held by the 
A,R.C. Protein Quality Group) 

GN 12 GN 18 GN 19 

Response Available lysine Available lysine Available lysine • 

parameter g./tCg. N g./i6 g. N 

^S'cight gain 

7-14 days 2*2±45*4 per cent 2'4±54-i per cent 3'6±44‘4 P^r cent 

Food efficiency 

7-14 dap 2-7±37-o per cent 2-9±34*4 per cent 4 'i± 3 *’® P®r 

Weight gain 

14-21 da>i 3-0±35'O per cent — — — — 

Food efficiency 

14-21 days — — — — — — 

Nitrogen retention 

19-21 da>-s 3* I ± 9*7 per cent 3-2 ± 7-0 per cent 3-4 ± 7*3 per cent 

Qiemical assay 2-7 a-g 3’2 

Carpenter, March, Milner and Campbell, 1963) and it is suggested ihnt 
expressing gro\vth as a function of food intake has the effect of reducing 
the magnitude of the differences between different dictarj' intakes and 
the gro^vth responses they produce. This is reflected in an apparent 
liighcr relative potency when tliis 5 s measured by the differences 
between the mean responses to the standard and test diets. 
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In general, the results show close agreement (in the ranking order of 
the protein concentrates) between the ehemical and biological pro- 
cedures. For the fishmeals available lysine content determined 
chemically was less than the values determined biologically. This is 
understandable because the chemical procedure measures only those 
lysine molecules containing free and reactive amino groups, with the 
assumption that only these arc available to the animal. For the meat 
meals, although the chemical procedure yielded the same ranking order 
as the biological tests, the chemical values were higher than those 


TABLE 10 

Chick bioassay of lysine (rouline procedure) 

[Amino acid contribution of the lest protein: the column ‘‘rntio^^ refers to the 
relative content of the particular amino acid in the test protein an t e sesame mea 
it replaces) 



Ratio 

ia'255 per 
cent sesame 
meal 
per cent 

Arginine 

1*40 

0-453 

Lysine 

— 

0-145 

Glycine 

1-75 

0-478 

Threonine 

1*89 

0-196 

Leucine 

1*69 

0355 

Valine 

1-57 

0-288 




Amount 

6-5359 per 
cent FM 7 

Difference 

added in 
20>Ib. diet 

per cent 

per cent 

g- 

0-339 

0-114 

10-4 

0-400 

0-145 

13-2 

2-8 

0-447 

0-031 

0-196 

— 


0-320 

0-035 

3-2 

0-242 

0-046 

4-2 


biologically determined especially for MM 23 a , tendon 

probable that these meals contain significant . nuantities 

and skin collagens which are known to contain sig „pasured all 
of hydroxylysine — ^which is nutritionally wort ess, 
the same L available lysine by the chemical 
necessa^ to question the assumption that lysine chemically 
never biologically available. . , available 

The soyabean meals showed -PHT^ heUcal procedure gave 
lysine content by the biological test^ b« e values. It 

values which were higher than the 7 ^ factor of 

is possible that our recovery trats wluc yi during the 

1-20 may have overestimated the destruc 1 ^ 

acid hydrolysis stage. The factor of 1 -20. It is 

destruction was a„Jgrowth depressing agents 

more probable that since the presence of , j-Qcedure, chemical 

in such meals cannot be detected by the c uiniomcally determined 
values in such cases will be higher than the biolog eaUy 
values. For the groundnut meals, the chemical and 

available lysine content was similar i 1^55 

biological procedures. The chemical values were also m 
than the biologically determined values. 
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A modification of this procedure is now being devised which is far 
less demanding upon a supply of free amino acids. The principle of 
the change is that the concept is based upon the ao per cent protein diet 
rather than the i6 per cent protein diet. The standard series merely 
involves supplementation with graded amounts of lysine. In the case 
of the test series a quantity of sesame meal is withdrawn to allow the 
test protein to be introduced. Sufficient is withdrawn, however, to 
avoid a surplus of any amino acid. The level of withdrawal is defined 
by the amino acid present in the test protein in the greatest relative 
excess over sesame meal (Table lo). Any inadequacies of other amino 
acids resulting from this are made up by adding free amino acid. All 
these calculations are carried out on the basis of nitrogen. 
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CURRENT VIEWS ON THE ROLE OF THE GUT 
FLORA IN NUTRITION OF THE CHICKEN 

M. E. Coates and D. J. Jayne- Williams 
National Institute for Research in Dairying, Shinfield, Reading, Berks 


Synopsis 

Morphological differences between germ-free and conventional 
chickens, and their possible significance in the absorption of nutrients, 

are discussed. . , j -i,. 

Nutritional studies with germ-free chickens 
following conclusions suggested. ^ The gut ^ 0 ''“ of vitamin 

pancreatic enzymes. Germ-free birds have higher iver 
A, and do not synthesise vitamin in the gut. Volatile 

chicken blood are not of microbial origin. Absence „ f 

to elevated levels of cholesterol in the P’f '7;. ^Lr^ 

chicks may be depressed by some components o defined cut 

The bacteriological aspects of studies on chicks with a defined gut 

flora arc briefly discussed. 

Introduction 

The belief that the microflora of the 
important influence on nutritional processc rcvicivby Coates, 

recently, been largely based on indirect evi • direct 

1961).'^ Modern techniques 

approach to the P™V'"^’''that’is 'devoid of contamination ivith any 
birds in a “germ-free state, that is, de between germ- 

demonstrable living micro-organism. digestion and 

free and conventional flora and the components of 

metabolism that arc influenced by t|ic g • . detected by means 
the flora responsible for any particular c c ‘ ^rn-nnisms. Hoivcvcr, 
of studies in birds contaminated with v comparisons, since 

some difliculty arises in interpreting resu diflerenccs between 

there arc marked morphological and physio coiintcrparl. 

the gcrm-frcc animal and its mono- or po >*co * animal may 

Any obscr\'cd diflerenccs in metabolism m i -^.q^-csscs and do not 
thus be secondary’ to alterations in physio oS‘^‘ • 

ncccssiirily indicate the direct .action of specific micro g 
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Characteristics of germ-free chickens 

As might be expected, the germ-free bird is characterised by under- 
development of the humoral and cellular defence mechanisms. In 
1 1 -week-old germ-free chickens, Wostmann and Gordon (1958) 
found a greatly decreased concentration of serum y-globulin and some 
decrease also in the j8-globulin fraction. At 5 weeks of age the ileo- 
caecal lymph nodes are very underdeveloped (Gordon, Wagner and 
Wostmann, 1958) and the scattered reticulo-endothelial cells in the 
ileal mucosa are drastically reduced in number (Gordon and Bruekner- 
Kardoss, 1958-59). The bursa and thymus are only slightly smaller 
in germ-free birds (T. G. Taylor, unpublished). 

It is questionable whether these morphological changes are likdy 
to affect the nutritional processes. Of more concern to the nutritionist 
arc the alterations in intestinal structure that have been observed in 


TABLE I 

Mean weight and length of small intestine in groups of germ-free and conventional 
chicks at ^ weeks of age 



No. of 

Body wt. 

Intestinal wt. 

Intestinal length 

Type of diet chicks Type of chick 

(g*) 

(g./g. body wt.) 

(cm./g. body wt.) 

Natural 

1 7 Germ*free 

265 

0-033 

0-32 


17 Conventional 

255 

0-043 

0-35 

Purified 

27 Germ-free 

327 

0027 

0-24 


27 Conventional 

350 

0-032 

0-25 


germ-free chickens. As the results of our unpublished axperiments 
given in Table 1 show, the small intestine of the germ-free bird is 
considerably reduced in weight; the length is less noticeably reduced, 
hence the lower weight must be accounted for by a thinning of the 
intestinal wall. Histological studies (Gordon and Bruckner-Kardoss, 
1961) have shown little difference in the muscular elements of the 
intestine but a marked reduction of the lamina propria in germ-free 
chickens, particularly noticeable in the “core” of the villi, u’hich leads 
to an overall reduction in villus size. Thus although the proportion of 
mucosal cells relative to other tissue is liighcr in the germ-free intestine, 
the total absorptive surface area is less because the dimensions of the 
villi arc smaller. Such structural dilTcrcnccs might be e.xpcctcd to give 
rise to difTcrenccs in absorption of nutrients from the small intestine, 
but there is little information yet available on this point. Studies with 
rats and mice indicate that passive absorption of, for instance, xylose is 
significantly incrc.ascd in germ-free animals, whereas active transport 
of substances such as Na+ and glucose is not altered (Hcncghan, igGs)- 
No such evidence exists for the chicken, and it remains a matter for 
speculation whether or not the presence ofan intestinal flora affects the 
passage of essential nutrients across the gut wall in the bird. 

In genn-frcc rodents a gross enlargement of the caecum frequently 
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occurs, and passage of fluid from the tissues into the caecum leads to 
considerable haemodynamic disturbance. This phenomenon has never 
been observed in birds. The caeca of germ-free chickens are slightly 
smaller than those of conventional birds but show no obvious abnor- 
mality. Other major physiological changes that have been observed 
in germ-free mammals are a lowered cardiac output and reduced 
arterial blood flow to the liver. There is no corresponding information 
about the chicken. 


Mutrilional and Metabolic Differences between Germ-free and Conventional 
Chickejis 

Nutritional studies with germ-free chickens have so far been 
comparatively few. Available information regarding t e in ^uenix o 
the gut flora on avian digestion and metabolism is summansed here 
although, in view of the complications already discussed, the precise 
mechanism of the observed effects is not ahvays c ear. 


Digestive Enz;^mes 

In the course of a study of pancreatic enzymes, ^ agner^ 

Furuta, Ozone and Koike (1964) measured pro 
lipase in the contents of the alimentary tract o -imounts 

and conventional chickens. Little difference ivas no intestine, 

of the enzymes present in the contents of the upper nrotcases and 

There was some evidence of louxr con- 

amylase, and higher amounts of lipase m the cac ^bscnt from 

ventional birds. Protein nitrogen was almost d 

the germ-free caccal contents, a finding compa i nrotcin. These 

level of proteases as well as with the absence o ac lipolytic 

results ^ve no indication that proteolytic, ^ ° Vo' .^^bsenee of a 
activity in the small intestine is affected y t ic p j ^.*(5 of caccal 

microflora; whether or not the bird is open to 

digestion arc of major importance m the nu 
question. 


Vitamin Economy 
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In many species of animal there is evidence that vitamins of the B 
complex are synthesised by bacterial action in the alimentary tract. 
So far only vitamin B12 has been studied in the germ-free chick. On a 
purified diet containing cyanocobalamin the caecal content of vitamin 
Bi 2 was a hundred times greater in conventional than in germ-free 
chicks. Large quantities of vitamin Bu-like factors were present in the 
conventional caecal contents, but none was detected in those from germ- 
free birds (Coates, Gregory, Porter and Williams, 1963). These results 
give clear evidence for the microbial synthesis of vitamin B^j and its 


TABLE 2 


Mean liver reserves of vitamin A in groups of germ free and conventional chicks 
at jf weeks of age 


Type of diet 
Natural 

Purified 


Vitamin A 

No. of cliicks Typeof chick (^g-/S* ^iver) 


4 Germ-free 51 

12 Conventional 32 

12 Germ-free 105 

24 Conventional 62 


analogues in the alimentary tract. Responsible organisms have not yet 
been investigated, nor is it known whether any of the synthesised 
vitamin Bj, is available to the bird without ingestion of its droppings. 

Volatile Fatty Acids 

In the ruminant the volatile fatty acids that arise from microbial 
fermentation in the rumen form an important source of energy for the 
host animal. In the chicken Hill, Annison and Noakes (1965) detected 
high concentrations of volatile fatty acids in caecal contents. Acetic and 
propionic acids formed the major components, although several other 
short-chain fatly acids ^vcrc also present. All the individual acids ^\'crc 
delected in portal blood, but peripheral blood contained mainly acetic 
acid and a little formic acid. In comparisons of germ-free and con- 
ventional chickens the volatile fatty acid concentrations in m molc/kg. 
caecal contents were, respectively, 0*30 and lO'O at 2 weeks of age and 
3’5 and 70-0 at 5 weeks of age. In spite of these enormous differences 
in caecal content, the blood levels of volatile fatty acids (mostly acetate) 
\\*crc much tlic same in germ-free and conventional birds. It can be 
concluded, therefore, that the short-chain fatty acids of chicken blood 
arc not of microbial origin. 

Cholesterol i\[etabolism 

There is evidence from studies in rivo and in vitro that gut micro- 
org.ini-ims can effect the catabolism of cholesterol and bile acids. In 
pcnn-frcc animals cle\*atcd plasma cholesterol levels arc frequently 
observed, |x>ssibly because in the absence of a microflora the chole- 
sterol and bile adds eliminated in the bile arc not degraded but remain 
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available for re-absorption lower down the intestine. Results of our 
own experiments with chicks given a purified diet (without added 
cholesterol) are given in Table 3 (Coates, Harrison and Moore, 1964)* 
On every occasion the germ-free birds had higher levels of cholesterol 
in the plasma, although the increase over the controls did not always 
reach statistical significance. The rise in plasma cholesterol was, 
however, always accompanied by a corresponding fall in cholesterol 
content of the liver, so that the net result of the absence of a microflora 
was a shift in the partition of cholesterol between blood and liver. 
An explanation for this finding is not at once obvious and may he m 
the physiological differences between germ-free and conventional 


TABLE 3 

Cholesterol content of the liver and plasma of 4-week-old gem-free and 
conventional chicks given a purified diet containing starch 

Cholesterol content (mg.) 


Expt 

No. 


Type of chick 


No. of 
chicks 


Body 

wt.(g.), 


Germ-free 

24 

345 

Conventional 

24 

327 

Germ-free 

24 

370 

Conventional 

24 

346 

Germ-free 

16 

342 

Conventional 

24 

332 

Germ-free 

22 

333 

Conventional 

22 

3>9 


Per too ml. 
plasma 

155 

96 

181 

*71 

119 

171 

163 


Total in 
plasma* 
32-1 
18-8 
40-2 
35-5 
30-8 
23-8 
34-2 
3>*3 


Whole 

liver 

25'6 

36-8 

26'r 

32-3 

20‘3 

330 

21*7 
22 4 


Liver+ 

plasma 

57-7 

55*6 

66-3 

678 

50-8 

56-8 

55-9 

537 


A«umed that total plasma equab 6 per cant of body wtight. 
chickens For instance, differences in rate of blood flow to liver 

s sr i:; trx&d 

the gcrm-frcc birds ,^5 ,, of cholesterol in 

acted by the presence of a gut microflora. 

Grouth-promoting Effect of Antibiotics r .I.o emi 

,1 i, apparent from the figures in T.^le ., that 
ventional birds given sucrose teas very poor. Since the germ 
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ffrew normally on the sucrose diet, it must be assumed that some 
component of the gut flora was responsible for the growth depression 
in a conventional environment. A similar finding has been reported by 
Eyssen and de Somer (1963) who observed enteritis, malabsorption of 
nutrients and a thickening of the gut wall to accompany the growth 
depression, which could be prevented by oral antibiotics. These 
workers were unable to reproduce the whole syndrome in germ-free 
chicks by contamination with a pure or mixed flora of thirty-five strains 
of intestinal bacteria; the effects were partially induced, however, by 
contamination with a gram-positive coccus (Eysson and de Somer, 


TABLE 4 

Effect of different dietary carbohydrates on liver and plasma cholesterol content 
of groups of sixteen germ-free and conventional chicks 


Type of 
diet 

Type of 

Body 
wt. (g.) 


Cholesterol content (mg.) 


chick 

i 

Per 100 ml- Total in 
plasma plasma* 

Whole 

liver 

Liver + 

plasnta 

Starch 

Germ*free 

3«3 

128 

24-0 

23*6 

47-6 


Conventional 

350 

116 

24-4 

28-9 

53*3 

Sucrose 

Germ*free 

359 

143 

30-8 

30-3 

6i‘i 


Conventional 

273 

122 

20*0 

25-3 

45‘3 


* Assumed that total plasma equals 6 per cent of body weight. 


1964). Similar findings have been reported by Huhtanen and Pensack 
(1964), who later isolated a strain ot Streptococcus faecalis that caused 
some growth depression in germ-free chicks not given dietary anti- 
biotics {Pensack, private communication). 

Bacteriological Aspects 

The failure of both these groups of workers to reproduce the syndrome 
^vith full severity by monocontaminating germ-free birds tvith what 
appeared to be the causative organism raises the question of the balance 
of the intestinal flora and the relationship of individual micro-organisms 
to each other. The use of gcrm-frcc chicks as “test beds” for deter- 
mining the growth stimulating or depressing effects of gut micro- 
organisms has been of undoubted value in some instances but, in 
others, care must be taken in interpreting results. By comparing the 
growth of gcrm-frcc chicks fed on a diet deficient in some nutrient, say a 
Nitamin, with that of conventional chicks fed on the same diet, it is 
possible to show whether the gut flora provides the missing nutrient in 
sufficient concentration, in a suitable form and in a site in the gut from 
which it can be absorbed. Similar tests can show whether micro- 
organisms arc responsible for growth depression. Ho^\•cvcr, difficulties 
arise when it is required to know which constituent of the gut flora is 
implicated. In the past, as indicated in previous paragraplis, pure 
cultures of bacteria have been established in gcrm-frcc chicl^ and the 
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effects noted. In these circumstances the organisms develop in the 
absence of the extremely complex flora present under “normal” 
conditions and are not exposed to the inhibitory and/or stimulatory 
interactions which occur in mixed populations. Furthermore, such 
a technique may prove unsatisfactory for certain bacteria which will 
not establish themselves in the gut unless other bacteria are present 
(e.g. certain strict anaerobes may depend on the low oxidation- 
reduction conditions created by less sensitive types). The point may 
be illustrated by reference to Clostridium welchii and its implication in 
the growth depression of young chicles. During past years evidence has 
been put forward that the type of depression relieved by dietary 
penicillin may be due to this organism. To provide additional evidence, 
the organism has been introduced into germ-free chicks and the 
observed depression interpreted as further confirmation (Lev and 
Forbes, 1959). Under these conditions Cl. welchii invades the whole of 
the intestine and caeca and persists in high numbers for at least 4 
weeks. However, in conventional chicks fed on the same diet the 
organism is reported to be present only in the caeca in high numbers 
and virtually to disappear after only a few days. It seems likely that 
the pattern of colonisation of the gut by Cl. welchii is markedly influenced 
by other constituents of the “normal” gut flora: it is tempting to 
enquire why an organism which is believed to cause a certain degree 
of depression in the growth of “normal” chicks as a result of temporary 
colonisation of the caeca, only causes the same degree of depression 
when introduced into germ-free birds in ivhich colonisation is both 
more extensive and permanent. 

One means of overcoming these difficulties is being examined at 
present. This involves the testing of possible adverse or beneficial 
effects of single cultures of gut micro-orgamsms by introducing them 
into birds simultaneously with a complex “background” flora previously 
shown not to exert the particular effect being studied. There arc 
considerable practical difficulties involved in such techniques, however, 
and these are aggravated by the relative lack of information on what 
constitutes the “normal” gut flora of chickens. 
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THE FUNCTIONAL ANATOMY OF 
THE AVIAN SHELL GLAND 

R. D. Hodges 

Department of Poultry Research^ U^e College {University of London), 
Ashford, Kent 

Synopsis 

The anatomy of the blood supply to the shell gland of the domestic 
hen has been investigated using injection methods based upon 
latex and Indian ink injection masses. The ramifications of the blood 
vessels on the shell gland surface and the relationships of the vascular 
branches to the layers of the gland wall and the glandular folds have 
been described. Examination of the vascular casts and of sections of 
injected shell glands indicated that there was considerable fluctuation m 
vascular volume between the active and the quiescent states of the gland. 
This knowledge of the vascular anatomy was used to devise a tcchmquc 
for sampling shell gland venous blood. Using this technique some 
preliminary experiments have been performed, measuring ‘he ^ of 
shell gland venous, systemic venous and systemic arterial blood du g 
the greater part of the shell secretion cycle. 

Introduction 

The main function of the shell gland, the 
shell on the surface of the shell membranes, is carried ou h f 
secretory epithelium of the gland. Tins consists of ’ 

the supTrfikl ciliated epithelium bordering the h.men of ‘he m h^t 
and secondly, the layer of tubular glands underlying ‘h ^ 

These two l.ayers, which together constitute 

formed into many flat, leaf-shaped glandular folds, so ^ 

the area of seereiory epithelium. Hene.a.h the 
remainderof the wall of the shell gl.and is made up ^ 

lasers: a submucosal connective tissue layer; a e.r ula ch . e . 
an intermuscular connective tissue Layer; a long.tudmal muscle las 

and nn external layer of peritoneum. i n mmnlcx 5\5trm 

Ramifying through all th«e layers of the 
of blood vessels whose role *s to supp . r _ ninrtio'iintr of the 
only svith the oxygen anti nutrients ’ / V n f-n the 

gland Init also svilh the materials sshieh are In lie 
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shell. As there is no storage of these secretory products in the gland 
during the resting phase, they must be made avadable at the time ol 
shell secretion thus necessitating an adequate and efficient blood supp y. 
The first part of the present account consists of a descnption ot the 
anatomy of the blood supply of the shell gland. This examination of 
the vasculature was carried out as a preliminary to the investigation o 
certain aspects of the physiology of shell secretion. 


Materials and Methods 

The methods which were used to investigate the vascular anatomy 
consisted in the first place of the injection of coloured latex followed by 
acid maceration of the casts; and in the second place of injection of 
indian ink followed by clearing or sectioning of pieces of the injected 
glands. In all cases the blood was flushed out of the bird by a prehmim 
ary injection of warm physiological saline and all injections were carried 
out at pressures as near as possible to the normal mean arterial pressure 
in order that the casts should be truly representative of the blood 
vascular system. Arterial injections were performed through the aorta 
and venous injections through the inferior vena cava (Hodges, 1965). 
The birds used in the injection experiments were mature Light Sussex 
hens. 

Results 

Anatomical Studies 

The main blood vessels supplying the glandular wall occur in the 
layer of consecutive tissue between the two muscle layers and arc thus 
plainly visible externally. These major vessels arc supplied from three 
points (Fig. i). P . 1 n 

Firstly, there is the hypogastric artery (i), a branch of the Icit 
sciatic artery, which reaches the gland at a point at the front of the 


Fig. I 

I..»teral side of the hen’s shell gland showing 
the arteries supplying the gland and the normal 
pattern of arteries nmning in the intermuscular 
connective tissue layer. 

I. lI)T>ogatiric arterj’. 

3. Anterior uterine arier)’. 

3. Inferior 0%'itlucal artery*. 

4. Inferior uterine arter)*. 

^ lateral uterine arter>’. 

6. Su{>eTiof uterine artery-. 

7. pjutrrvjf uterine arteries. 

B. LhrTt>-\-3r;inal arter)'. 

f). Mklvlle uterine artery. 

10, I jrfi internal ihac artery, 
ti. \jfU ^'•J«l'T>;l4l artery. 

13 . Ixft pe!*i< aitery. 
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dorsal surface. Secondly, there is a pair of posterior uterine arteries (7), 
branches of the left internal iliac artery, and these impinge upon cither 
side of the caudal end of the gland. Thirdly, there is a smaller artery 
connecting the anterior uterine artery (2) with the inferior oviducal 
artery (3) running through the ventral mesentery of the oviduct. 
These arteries divide up on the surface of the gland to form the major 
vessels supplying the gland, the anterior uterine artery (2), the superior 
(6) and inferior uterine arteries (4), the lateral uterine artery (5) and 



Fig. 2 . Small section of the lateral face of a shell gland showing some 
of the main arteries: 

I, together with their primary bronehes; 2, and the 
the seeondary brandies; 3. of i„^Leh^ter- 

through the circular ryiusclc layer. All these vessels he 
muscular connective tissue layer. ' 

many smaller branches (Freedman and Sturkic, 1963, 

These major arteries and their primary branches are .nterconnected 
in a network over the whole surface of the glan . 

In nearly every instance there is a vein accompanying cacli arltr>, 

whether large or small (Hodges, 1965). , , 1 • the 

As may be seen in Fig. 2, the main arter.es .) <>75 ucen the 

muscle layers dh-idc frequently to give primao \ mninritv of 

divide aglin to give secondary arterial branches (3), 
vhieh pL through the circular muscle coat m.o ‘7" 7‘‘ 

are lost to riew. In the submucosa 

network which gives off terliaiy, arteriolar iranc ‘ _ j j, ranches 
leaf-shaped folds of the secretory cp.thchum. ^ ‘ . nrl,. Hr fold, and, 
pass up through the connective tissue coruim oft ic g . • j j 

break up into eapillarics which pass ott.warfs 

glands, giving rise to an •'’'?7'°.'"77|7‘''7),‘rvcno..t rrmm almmi 
just hcneatli tlic ciliated rpilhclial laser. 

exacllv parallels the arterial 5>-stcm. to the 

Tlte overall pattern of the blood supply and rela.tond.tp 



jg^ R. D. HODGES 

different parts of the shell gland wall are illustrated diagrammatically 
in Fig. g while Plate i6A portrays the actual relationships of the blood 
vessels as they are revealed in cleared sections of portions of ink injected 

glands. , . . ^ 

Examination of the anatomical specimens has given rise to some 
interesting possibilities. The majority of the glands injected with latex 
were in the active condition, i.e. they contained an egg, whilst the 


1. Pcriioneum. 

2. Longitudinal muscle layer, 

3. Intermuscular connective tissue layer. 

4. Main blood vessels. 

5. Primary blood vessel branches. 

6. Circular muscle layer. 

7. Network of secondary blood %'csscl 
branches. 

8. Submueosa. 

9. Tcrtiar)' branches passing 
up through the eorium of 
the glandular fold. 

to. Layer of tubular glands 
through which pass cap* 
illary branches. 

It. Internal ciliated epiihcl* 
ium. 

12. Capillary network under- 
lying ciliated epithelium. 


Arteries 

Veins 

Capillaries 



Fio. 3. Di.agram showing the different parts of the shell gland blood 
supply and their relationships to the layers of the gland wall. 

injection was occurring. But a few of them ^vc^c in the quiescent state. 
A comparison of Uic weights of some of the latex casts of tlicsc two types 
of glands showed iliat there was a considerable difference in ^\'c^gllt 
between the two catcgoric.s. Thus the mean values active glands 
(i.j glands) 1-85 g.io'34 S.D.; quiescent glands (7 glands) 1*08 
g.iO'2i S.D. When subjected to the *‘/" test these figures were 
significant at the 5 per cent lc\xl. Thus it can be assumed that there 
is a correlation between tlic weight of the latex cast and the vascular 
volume of the shell gland, and there is on average an increase of 42 per 
cent between llic s’nsculnr volume of an active gland over a quiescent 
gland. 

It was noted in the latex casts of the quiescent glands that ilu^ 
capillar>* hrtls ofthc cpiihcHal folds were hardly ever filled by the late.'C 
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and this observation was confirmed in the ink-injected glands, the ink 
rarely penetrating further than the tertiary arterial branches entering 
the glandular folds. Sections taken from the latter glands showed that 
the epithelial capillaries still contained erythrocytes, indicating that 
the preliminary saline injection had failed to enter t ese vesse s. 
Examination of sections of ink injected active glands showe t at ese 
capillary beds, although often incompletely filled by the i , ^ 
entirely washed free of blood cells by the saline. 

It appears from these results that in the quiescent state the blood 
flow through the secretory epithelium is considerably re uce , P™ 

by con traction of the arterioles supplying the glandu ar o s. ^ - 

there is little or no flow through the capillary beds unnginje 

quiescent glands, the fact that the ink flows easi y t oug e 

hidicates the possible presence of arterio-venous anastomoses at the 

level ofthe secondary blood vessel branches in the submucosa. Ho 

no such anastomoses have yet been found. 

Physiological Studies j t. 

Using the information obtained from the anatomical it ha^ 

been found possible to cannulate The 

samples ofshell gland blood over periods o /jjgjges 1065). The 

end of the inferior oviducal vein was ’Seriments 

results reported here are those Links). The birds were 

performed upon nine birds (Sterling left 'sciatic artery and 

anaesthetised and the shell gland vein ^ at hourly 

vein were cannulated f 

or half-hourly intervals Rad^n.eter micro-/-H electrode. 

entered the shell gla"d can betivecn the arterial blood 

from a single experiment. average doubled in value after 

pH and that of Both before and after shell gland 

the egg had entered the g I^Iood of the shell gland v.as 

activity had begun the pH ol systemic venous 

much closer to that flow ll.rough the 

blood. This w.as possibly duc.o^aM.ra<c^_^ , , 

shell gland. The '"“'.‘i 5, agnation effects in the leg owing to ilir 

were apparently caused b> were partially overcome 

seiatic larter>- being e.annul.a ed. » 

in later experiments _b> im^ „„ainst it. The overall rise inpH "Inch 
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An overall picture of the fluctuations in the^H difference between 
arterial and shell gland venous blood can be seen in Fig. 5. This is a 
composite picture of all the experiments. The difference during the 



A.M. Time 


Fio. 4. The values of hen’s blood in relation to the early stages 
of shell formation. Based upon one experiment only. 



Fio. 5. Tlic /jH dificrcncc between systemic arterial and she 
gland venous blood dunng shell formation; preliminary experiments. 
Composite picture obtained from nine separate experiments. 

quiescent period, apart from one sharp peak about lihr. 
was fairly small. c5ncc the egg had entered the shell gland this dii . 
began to increase steadily. Owing to the fact that no bird was succ 
fully cannulatcd for the full cycle no results were obtained for the * 
in the middle of the shell secretion period. This is the time o 
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active shell secretion. Towards the time of laying the pH difference 
fell sharply to the resting level from a figure more than three times as 
large as this resting level. 


Discussion 

The investigation into the vascular supply of the shell gland was 
undertaken mainly to provide information concerning the pattern of 
distribution of arteries and veins on the surface of the gland, thus 
enabling these blood vessels to be readily cannulated when studying 
the physiology of shell secretion. When carrying out such cannulations 
several factors have to be borne in mind. Firstly, care must be taken 
to cannulate a vessel which only contains pure shell gland blood. This 
factor can be considered as a possible criticism of the work of Hunsaker 
and Sturkie (igfir) who cannulated veins on the postero-lateral 
surface of the shell gland in order to obtain blood for calcium estima- 
tions. Personal experience of their operative technique has shown 
that the incision frequently exposes the utero-vaginal vein (Hodges, 
1965) which drains not only uterine tissue but also part of the vagina. 
However, Hunsaker (1959) has stated that vessels leading from the 
vagina were clamped off in an attempt to reduce contamination of the 
shell gland blood. Secondly, the shell gland is notoriously susceptible to 
surgical interference. Sykes (1953) has shown that the presence of a 
loop of thread in the wall of the shell gland causes eggs to be laid with 
little or no shell. Thus cannulae tied into the wall might upset the 
shell secretion mechanism in a similar manner. Thirdly, the slightest 
surgical interference with the highly vascular wall of the gland, such 
as the insertion of a needle and thread, causes an effusion of blood in 
the tissues which obscures the site of operation. Generally speaking, 
it is only necessary to cannulate shell gland veins for this type of physio- 
logical investigation as the main blood supply to the gland is through 
the hypogastric branch of the sciatic artery, and cannulation of the 
sciatic artery will give arterial blood of similar composition to that 
entering the shell gland. The vein which has been used in these 
experiments not only appears to overcome all the abov'e-mentioned 
objections but is also comparatively easy to cannulate. 

The major constituent of a shell is calcium carbonate and this is 
presumably secreted by the glandular epithelium in the form of calcium 
and bicarbonate ions. Beadle, Conrad and Scott (1938) have shoivn 
that the shell gland secretion contains calcium and large amounts of 
bicarbonates. tVhen investigating the variations in shell gland blood 
composition during shell secretion the most obvious measurements to 
take arc blood calcium and blood bicarbonate or carbon dioxide 
concentrations. For these preliminary c.xpcrimcnis the me.isurcmcnl 
selected svas that ofblood pH as it is simply and rapidly me.asureel and 
is correlated svith the blood bicarbonate and carbon dioxide coneenlm- 
tions. Thus if the shell gland is extracting bicarlxinnee ions from its 
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blood supply then the pH of the venous blood of the shell gland ivill 
fluctuate in contrast to that of arterial and whole body venous blood, 
according to the rate of secretion. 

Although the fluctuations in blood pH which have been demon- 
strated almost certainly reflect the process of shell secretion, their inter- 
pretation is made difficult by the number of factors likely to have an 
effect on pH which are involved in shell secretion. Firstly, there is the 
secretion of bicarbonate for shell formation. Secondly, the increased 
metabolic activity of the secretory epithelium during secretion will 
cause an increased carbon dioxide production, again affecting the pH. 
Thirdly, there is the complicating factor of the fluctuations in blood 
flow which apparently take place during the cycle of egg formation. 

In order to gain an understanding of how these fluctuations are 
related to shell secretion, the pH must be compared with the bicar- 
bonate and carbon dioxide concentrations of tbe blood and also with 
the stage of secretion. 
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THE ENDOCRINE CONTROL OF CALCIUM 
METABOLISM IN THE FOWL 

T. G. Taylor 

Department of Physiological Chemistry, The University, Reading 
Synopsis 

The interrelations between the various hormones concerned m 
regulating calcium metabolism in the laying hen are reviewe . 
oestrogen-induced hypercalcaemia of laying birds is re ^ ^ ® 

transport of yolk proteins rather than to the provisira o ca ci 
shell formation. Oestrogens, acting in synergism with androgciu, a 
also concerned in the induction of medullary bone, w ic 
labile reserve of calcium for the provision of calcium for egg 
formation when the rate of absorption from the gut is ^ ' v j 

mechanism by which destruction of medullary bone br°“f ™ 

is discussed, and it is suggested that the parathyroi ^ . deficient 
ible. The Cessation of egg production in hens w 

diet is thought to be due to a reduction in gona nrotect the 

the anterior pituitary, and this mechamsm P^'^l^bitbn 

skeleton from excessive depiction. It is , j^y^othalamus, 

of pituitary gonadotrophin secretion is of^nic calcium 

and that the latter is sensitive to a reduction in t mnado- 

in the blood. It appears that birds which ° = ™/c um"may 

trophins in spite of a serious fall in the level of their blood calcium, 
be particularly prone to the condition of ayers 

Introduction 

Calcium metabolism in the '“I*"® vhirii normally 
mainly in relation to the formation amount dependim; 

contains between 1-5 and 2-5 g. calcium, ■ Control of tins 

on the size of the egg and ber of different endocrine 

intense metabolism is regulated b> n anterior pituitars' 

glands, including the ovar>', the parati>roi ’ I Jiormorirs 

and possibly otlieis, and the rr for ihii 

produced by these glands prosade the subject m 

paper. 
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The role of sex hormones 

In the past the greatest emphasis has been placed on ocstrogens 
in relation to calcium metabolism in laying birds and the effect of 
these hormones' on the level of plasma calcium is certainly most striking. 
It is now recognised, however, that the oestrogen-induced hypercal- 
caemia observed in laying birds is related, not to the provision of 
calcium for shell formation, but to the transport of yolk proteins, since 
it occurs also in female frogs, fish and snakes during the breeding season, 
none of which lay eggs with calcified shells (Urist, 1959). 

Nevertheless, oestrogens in conjunction with androgens play an 
important role in bone metabolism in laying hens, and it is this role 
that will be stressed. Under the combined influence of these sex 
hormones a whole new system of secondary bone develops in the marrow 
cavities of many of the bones of the pullet during the 10-14 days before 
the first egg is laid and it persists throughout the laying season. This 
medullary bone, as it is called, acts as a readily available reserve of 
calcium which is mobilised for egg shell formation whenever the level 
of absorption from the gut is insufficient. Another effect of oestrogen, 
again acting in synergism with androgen, is that it greatly enhances 
the absorption of both calcium and phosphorus from the intestinal 
tract. Presumably these minerals are used for the calcification of the 
medullary bone. (Neither oestrogen nor androgen alone has an 
appreciable effect on calcium and phosphorus absorption.) 

The cyclic changes in medullary bone 

The medullary bone undergoes cyclic changes during the formation 
of the egg, phases of intense bone formation alternating with phases 
of equally intense bone destruction. These phases are most marked 
in the pigeon but they occur also in the domestic fowl. The bone- 
forming stage is initiated following oviposition and it continues at 
a high rate during the first few hours of calcification of the nc.xt egg of 
the sequence. As shell formation advances the rate of bone formation 
declines and a phase of bone destruction begins which continues right 
up to the time when the egg is laid. 

The role of the parathyroid 

It is interesting to speculate as to the mechanism by which the rapid 
reversal of the bone-forming and bone-destroying phase during the egg 
cycle is brought about. Riddle, Rauch and Smith (1945) and Urist 
('959) suggested that variations in the level of plasma oestrogen 
during the egg cycle are responsible for the changes in the medullary 
bone, since it requires a constant oestrogenic stimulus for its mainten- 
ance. It seems much more plausible, however, that changes in the 
mcdullaiy bone are due to changes in parathyroid activity. This 
theory is supported by the rapidity with which the changes occur and 
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by the similarity bctiveen the histological picture observed in medullary 
bone at the height of shell calcification and in bone under the influence 
of parathyroid hormone. Furthermore it has been shown that there is a 
fall in the level of diffusible calcium in the blood during shell formation, 
so that the stimulus for parathyroid activity is present (Taylor and 
Hertelendy, 1961). 

Nothing is known of the possible involvement in egg shell formation 
of calcitonin, the recently discovered hypocalcaemic factor of the para- 
thyroids (Copp, Cameron, Cheney, Davidson and Henze, 1962; Copp, 
1964) or of thyrocalcitonin, a hormone with similar properties orig- 
inating in the thyroid (Hirsch, Gauthier and Munson, 1963; Foster, 
Baghdiantz, Kumar, Slack, Soliman and MacIntyre, 1964), but if they 
occur in birds one would not expect them to do more than prevent 
the plasma calcium “overshooting” following oviposition. 

The role of the pituitary and the hypothalamus 

Taylor, Morris and Hertelendy (1962) have recently demonstrated 
an interesting relationship between calcium metabolism and the anterior 
pituitary gland in the laying hen. Birds of a strain which, when placed 
on a low-calcium diet, normally cease production in 10-14 ^^er 
laying 5-7 eggs, were shown to continue laying when injected daily 
with an extract of crude avian pituitary material starting on the fifth 
day after the calcium-deficient diet was introduced. The 3 injected 
birds laid, respectively, 5, 5 and 6 eggs in the 5 days following the start 
of the injections while the control (uninjected) birds laid i, 3 and 1 
eggs, respectively, during the same period. The most reasonable 
explanation for these observations seems to be that the amount of 
gonadotrophin released from the anterior pituitary is reduced in 
an acute state of calcium deficiency and it was suggested that this 
“pituitary cut-off” mechanism serves to protect the skeleton from 
excessive depletion. 

The mechanism by which secretion of pituitary gonadotrophins is 
inhibited under these conditions is not known but an hypothesis now 
being considered is that the effect is mediated via the hypothalamus. 

In the experiments of Taylor el al. (1962), the mean level of diffusible 
calcium in the plasma of the injected hens at killing tvas at least 
2 mg./ioo ml. lower than in untreated controls led a high-calcium diet 
and there can be little doubt that the plasma level would have been 
even lower during active shell calcification. The hypothalamus is 
sensitive to many chemical and environmental stimuli and it may well 
be influenced by the level of ionic calcium in the plasma. 

If there is a critical level of ionic calcium in the plasma below which 
secretion of a “gonadotrophin releasing factor” by the hypothalamus 
is inhibited it is possible that this level is reached in some birds during 
shell calcification even when a high-calcium diet is fed. The effect of 
this would be to reduce gonadotrophin secretion, which ivould in turn 
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reduce the rate of follicle growth and thus reduce the rate of ovulation. 
This postulated “pituitary cut-off mechanism” might therefore be a 
factor in determining the level of egg production of individual birds. 
A reduced rate of secretion of gonadotrophin during shell calcification 
would also be expected to reduce the rate of oestrogen secretion, one 
effect of which might be to stimulate the resorption of medullary bone 
as envisaged by Riddle et aL (1945) and Urist (1959). 

The sensitivity of the “pituitary cut-off” mechanism is somewhat 
variable, and in high-producing strains it appears to be relatively 
insensitive at the onset of lay when gonadotrophin secretion is probably 
maximal. Taylor and his collaborators (1962), have suggested that, in 
selecting for a high rate of egg production, breeders may unconsciously 
produce a bird in which the “cut-off” mechanism is of low sensitivity, 
one effect of which is that the birds are more prone to the condition of 
“layer’s cramp”. 
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SHELL STRENGTH 
C. Tyler 

Department of Physiohgieat Chemistry, The University, Reading 
Synopsis 

The various basic methods of measuring shell strength, namely by 
impact, crushing, snapping and deformation, are mentioned. The 
errors of the methods and the relationship between methods are briefly 
discussed. 

With batches of mixed eggs a significant correlation is usually found 
between strength and thickness, but if eggs from individual birds 
are considered, the correlation may vary from highly significant to non- 
significant. Furthermore, thickness at different points of the same shell 
can vary greatly from mean thickness. 

Translucent areas of a shell are weaker than opaque areas on the 
same shell as measured by the needle method. There is also some 
evidence that when the snapping method is used, the membrane affects 
the strength. 

Studies of shell damage show that shells sometimes crack cleanly 
and sometimes crumble. The cracks run through crystals as well as 
between them and twinning planes may appear in the calcite crystals 
before any visible damage is seen. 


Introduction 

Shell strength has been measured for years but it is only recently 
that really determined efforts have been made to study fundamental 
problems relating to it. This paper ivill be concerned uith a few of our 
major findings at Reading. 

Methods 

Methods of measuring shell strength may be divided into four main 
groups (Tyler, ig6i). First there is the impact or cracking method 
which is based on the falling ball technique. The ball may be allotved 
to fall from ever incrc.asing heights, it may be alloivcd to fall from a 
constant height or balls of ever increasing weight may be dropped. 
^Vithin each of these methods the balls may be dropped on one spot 
or on different spots. In our c.xpcricncc the most promising method 
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seems to be the one in which the ball is dropped from a fixed height on 
to a series of points close together but in a line about 1-5 cm. long. 
This does at least ensure that most of the cracks produced run approxi- 
mately along this predetermined line instead of running in any direction 
(Tyler and Geake, 1963, 1964a). 

The second group consists of the crushing methods and these depend 
upon the concept of a steadily increasing load applied to the egg. It 
has recently been shown that a flat plate, a flat-ended peg, a round- 
ended peg or a needle give relatively the same result and despite the 
fact that the needle pierces the shell it ean be regarded as the extreme 
limit of the erushing technique (Tyler and Geake, 1963, 1964c). 

Another method is that in whieh a strip of shell is firmly held and 
then subjected to an increasing load until it snaps. Obviously, this 
method has to be standardised so that pieces of shell of equal widths are 
used and the point of application of the load must be a fixed distance 
from the point where the shell is held (Almquist and Burmester, 1934). 
Work has started on this method but apart from a few points men- 
tioned later the results have not yet been published. 

More recently an apparatus which deforms the egg without 
breaking it has been designed (Schoorl and Boersma, 1962). This is 
basically the same idea as that used by Brooks and Hale (1955)) except 
that the new apparatus merely measures deformation under one 
standard load of 500 g. The great advantage of this method is that the 
egg is not broken, but it is difficult to judge exactly what is being 
measured. Is it general strength or strength at the broadest part to 
which the pressure is applied? Clearly, these points will need to be 
studied in greater detail. 

Whatever method is used it is obviously advantageous if more than 
one comparable reading can be taken on the same egg. Firstly, because 
replicate readings are statistically better than single ones in that a mean 
IS more reliable than a single reading but also because replication makes 
possible the calculation of the error of the method. By making use of 
the fact that egg shells are relatively uniform in thickness and composi- 
tion around any given latitude, it is possible to make replicate measure- 
ments on fairly uniform areas of shell. Using impact mediods, two 
measurements may be made at the waist, while rvith the needle and 
snapping methods up to eight me.asuremcnts are possible. Thcorctic- 
aUy an infinite number is possible with the deformation apparatus 
(Tyler and Geake, 1964a, i, c). 

The errors of the various methods hav'e been calculated and it 
seems that impact methods have a far greater error than the crashing 
methods (Tyler and Geake, 19640, i). Tlie error of the crashing 
method is about equal to or perhaps slightly greater than the snapping 
method. The deformation method gives the lowest error of all hut this 
is misleading because in cflcct the deformation refers to the deformation 
around a complete latitude and hence squeezing the egg between any 
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two opposite points on this latitude and then between two other points 
on the same latitude is not the same kind of duplicate reading as when 
the needle is used to pierce two entirely separate holes on one latitude 
or when two entirely different pieces of shell are snapped (Table i). 

TABLE I 

Measurement of egg shell strength: comparison of different methods all applied to 


the same ao eggs 
Method Error 


Piercing 

Snapping 

Deformation 


**53 

i-ig 
0-66 

Analysis of variance 

Eggs 

Treatment 

Error 


Spread 

28 

18 

27 

Variance 

Ve 

Vt 

V. 


Total 

Error 


_ IIjx — 

~\J 40 M 

/„ too 

Spread A? 

The data collected can also be used J here ^t'^he 

efficient of variation) of results over a senes ^ 
snanuinR method gives a much lower value than the other methods. 
tS^^Is "a dlsadvamage when looking for differences between eggs 

^^tt "should also be noted, that the deformation -*^s no^ very 
suitable for fundamental studies but that it P™;" 

most suitable method for testing eggs m "/f 

purposes and for practical information m relation to the transport 

Relationship between methods 
Mention has already been made of^tWd^^^^^^^ 
different crushmg be' reported that there is veiy gmod 

ing and deformation and is boweverf no agreement 

between snapping and This latter result is due to the 

between deformation and spot reproducible 

fact that spot cracking is probably i P 

of methods (Tabic 2). 

Relationship of strength to thickness 

, I ..,1 lint strength and thickness could be 
Most early workers ‘ Ticicnls were orsuch a magnitude 

correlated but that the correlation cocmcie 
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that obviously other factors in addition to thickness were involved 

(Tyler, 1961). . • . 

Recendy a precision instrument has been built for use with needle 
and snapping methods and the deformation apparatus has become 
available. Results with these new pieces of apparatus show a closer 
relationship between thickness and strength and in one experiment the 
correlation coefficient for deformation against thickness was as high as 
0-95 for 20 eggs. It has been shown, however, that the correlation 
between strength and thickness can vary a great deal amongst individual 
birds: some show a very high correlation others a very low one (Tyler 
and Geake, 1964(1). 

Another aspect of this matter arises from the fact that egg shell 
thickness is not uniform over the whole surface of the egg. Variations 
around any latitude are very small, but variations from pole to pole 


TABLE 2 

Measurements of egg shell strength: relationship between different methods using 
so eggs for each comparison 


Methods 


Correlation coefficient 


Deformation v. Piercing o-’]2*** 

Deformation v. Snapping 0-70*** 

Snapping r. Piercing o-6o** 

Deformation v. Cracking (line) o-66** 

Deformation r. Cracking (spot) 0'14 NS 


Deformation values were expressed as their reciprocals. 


can be very large. Individual birds may eaeh show a different pattern 
of shell thiekness and while some birds adhere to the same pattern over 
long periods, others change their patterns (Tyler and Geake, 1965). 
Therefore, shell thiekness measurements around a particular latitude 
do not neeessarily give an indication of overall shell strength and 
measurements of mean shell thickness similarly fail to indicate shell 
strength at a particular point even assuming a general relationship 
between strength and thickness. Thus, in any fundamental study, 
thickness should be measured as near as possible to the point of damage 
and, in addition, the membrane should first be removed. The relation- 
ship then applies to that area, but not necessarily to any other. 

In passing, the even more remote and inaccurate assessments of 
strength, such as specific gravity and percentage shell should be con- 
demned. They only assess mean thickness approximately and this 
alone is of little help even if assessed accurately. 

A furtlicr point to bear in mind is that the measurement of strength 
which gives the best correlation with thickness is not necessarily the best 
measurement of strength. Thickness is really a red herring in this 
context. The problem is to find the method for measuring strength 
which correlates best with shell damage in the field, but tlic difiicultj 
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here is that shells can break in so many ways and their strength in 
response to one kind of insult might be quite different from their 
strength in response to another kind. It might, therefore, be advan- 
tageous to use more than one method of measuring strength in order to 
find birds laying eggs which are “strong” in a number of different 
respects. 

Other factors associated with shell strength 
With all methods the shell is weakened by water and the translucent 
areas of the shell are weaker than the opaque areas. However, when 
the shell is thoroughly ^vet or thoroughly dry there is no difference in the 
strength of areas which were originally translucent or opaque. This 
suggests that translucent areas contain more water than opaque areas 
but it is not yet clear why this is so. It should, however, be stressed 
that shells with many translucent areas are not necessarily weaker than 
shells with few. The translucent areas on one shell may be stronger 
than the opaque areas on another (Tyler and Geake, 1964^). 

From a number of studies, using cracking and crushing methods it is 
apparent that the membrane does not affect shell strength. But some 
recent results using the snapping method have shown that in genemi 
the shell is weaker when snapped outwards instead of inwards, that t e 
cuticle gives added strength when the shell is snapped inwards and 
that the membrane gives added strength when the shell is snapped 
outwards. 


Types of shell damage 

One of the difficulties inherent in most methods of measuring 
strength, apart from the deformation method, is that t e 
does not always produce the same type of shell damage. Thus with a 
flat plate the shell may crack cleanly or slow y crumble in concentric 
rings around a central point. Similarly a ball ®P°* "’‘’y 

produce a crack or push out a small round piece o s e . 

Furthermore, shell sections reveal that incipient cracks may deve op 
before any visible signs of damage can be seen even with 
lamp. aL even before this the calcite crystals of the shell may shoii 
twinning planes (Tyler and Moore, 1965). 
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HEAT REGULATION AND ENERGY 
METABOLISM IN THE DOMESTIC FOWL 

C. Romijn and W. Lokhorst 

Laboratory for Veterinary Physiology^ State University^ 

Utrecht, The Netherlands 


Synopsis 

Experiments with adult North Holland Blue hens have been 
performed to investigate the influence of environmental conditions 
such as temperature and humidity on the heat production, gaseous 
exchange, body temperature, water and food consumption and energy 
balance. A respiration chamber has been constructed for determining 
the energy metabolism of one and the same anima over perio s o 
several months under conditions, which vary in tempera ure an 
humidity. The carbon dioxide production as well 
consumption could be recorded continuously, together with the body 
temperature of the experimental animal. , , r 

Kleiber’s formula B.M.R.=7oX IF* for “1'“ , fn fowk 

metabolic rate in mammals also gave very satis ac ory of birds 

For practical purposes the ventilation required or , 

of any body weight may be calculated from their body weighU 
rate of ventilation is independent of the cifoic “pua y 
house and is only correlated with the number of birds and their body 

temperatures below 20»C. heat production “--f 

temneratiire whereas the evaporative heat loss could be estimateU at 
temperature, whereas me e p temperature 

Sn“g: increases with ^/^lljn teinperature 

and the water intake is is maintained at a 

At temperatures above 20 O. the near piu rnnsidcrably. 

constant level, whereas the evaporauve for maintaining 

Physical heat regulation thus seems to b P the body 

bod^ temperature although 

temperature rises slightly over 42 C. m p „„ 

of up to as high as 8o per cent of the tota ^ea^p^ jrighcr’ temperatures 
Food consumption decreases rapid y S consumption, 

and the water intake is no longer correlated iwth looa 
but is mainly a function of evaporative hca os . 
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The maintenance of a relatively low humidity in the poult^ house 
is of major importance at high environmental temperatures, in order 
to prevent hyperthermia and an increased susceptibility to respiratory 
diseases. The ventilation should therefore be adapted to the water 
vapour content of the air, particularly during the hot seasons. 

It could be assumed that the ventilation rate, required for maintain- 
ing a moderate humidity level would be greater than that for eliminat- 
ing the amount of carbon dioxide produced. From data, determined 
for energy balance, body temperature, heat production and food 
consumption the most favourable environmental conditions for laying 
birds would correspond with a temperature between 20°C. and 30 ° 9 '’ 
food consumption will be sufficient to keep the animals under main- 
tenance and productive condition, total heat production will be at a 
minimum and the evaporative heat loss less than half the total heat 
production. The humidity of the air will be less critical than at higher 
environmental temperatures. 


Introduction 

At the present time there is a growing interest among agricultural 
and veterinary scientists in problems associated with the housing of 
chickens, broilers and laying hens. The influence of environmental 
conditions such as temperature, humidity and the composition of the air 
on the production, on the one hand, and on the susceptibility to 
diseases on the other, justifies a scientific approach to all problems 
connected with ventilation and insulation of poultry houses and the 
mechanism of heat regulation in poultry of all kinds. 

Though much attention has been paid, in several countries, to 
practical aspects it must be emphasised that the majority of the avail- 
able data is based on the results of experimental work on poultry 
metabolism which has been performed with methods that are now 
obsolete. For an extensive review of the literature the reader should 
refer to the papers of Barott, Fritz, Pringle and Titus (1938); Kleiber 
and Dougherty (1933); Mitchell and Kelley (1933); Romijn (1950); 
Romijn and Lokhorst (1961, 1964); van Albada (i960); Borchert 
(1961); Osbaldiston and Sainsbury (1963); Hill (1951); Esmay (196^!); 
Pero {i960); Reuter (1958); Gcrricts, Werner and Stahl (1955)- 

Because of improvements in the methods of gas analysis and the 
availability of tecliniques for continuous recording of the oxygen and 
carbon dioxide content of air samples and of heat production, long-term 
experiments in metabolic research oflugh accuracy can now be carried 
out. Moreover, the construction of climatic chambers, supplied with 
adequate devices for controlling temperature and humidity, affords 
the opportunity of performing fundamental research on respirator)' 
metabolism under different climatological conditions. Tlic figures 
obtained for oxygen consumption, carbon dioxide production and heat 
loss of cliickcns as functions of body weight, nutritional status and 
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environmental flux must be the basis on which the ventilation and 
insulation of poultry houses can be calculated. From the nutritional 
standpoint, moreover, the calculation of total energy balance in laying 
birds and broilers under the above-mentioned conditions would assume 
greater importance. 

Experimental 

The experiments to be described were performed with North 
Holland Blue fowls, using growing chickens as well as adult cocks and 
hens, having body weights of about 4 and 3 kg. respectively. Each 
animal was put into a respiration chamber (Fig. i) of about 300 litres 
capacity; the temperature ofwhich can be adjusted to any desired level 
from — io°G. upwards and the humidity controlled by means of a 
hygrostat. Ventilation is maintained by a pump (P) with a variable 
capacity, adjusted to the animals* size in order to provide a suitable 
excess of CO2 and O2 deficit in the air breathed (the “respiration 
air”). The incoming outdoor air (O.A.) and the respiration air (R.A.), 
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are sampled by a small pump (pj and flow through a gas analyser 
based on the heat conductive principle (diaferometer). The output ol 
the analyser is, after suitable amplification, continuously recorded on 
a mV-recorder of the continuous balance type. Each division on the 
paper corresponds with an increase of o-oi per cent GOj and a decrease 
ofo-oi per cent Og. 

Total heat production may be calculated from consumption 
and GO2 production with sufficient accuracy, according to the formula 
given by Romijn and Lokhorst (1961^2), and which is based on the 
figures of Carpenter {1948) for combustion of carbohydrates and fat 
and those of King (1957) for the metabolism of protein in birds: 

7'=3-87i 02+1-194 CO2 — 0-048 P 

where T=kcal.; Og^oxygen uptake (litres); C02=carbon dioxide 
production (litres) and P =6-25 X urinary nitrogen (g.). 

The animals were fed with an “all mash” diet (pellets) with a 
productive energy of about 1*903 kcal./kg., 17 per cent crude protein, 
89 per cent dry matter and a gross energy of 4*350 kcaL/g- dry substance. 
Food and water were provided ad libitum and the quantities consumed 
were estimated by daily weighing of the containers. The droppings 
were automatically collected in a closed container and analysed for 
total nitrogen, urinary nitrogen (Ekman, 1948), as well as for water 
content and energy (bomb calorimeter). Artificial light was provided 
for 12 hr. during a 24 hr, period. A thermocouple was inserted 
into the subcutaneous tissues under the left wing and the body tem- 
perature recorded continuously. 

The respiration chamber was opened once daily for about ^ 10 
min. in order to weigh the animal, the food and the excreta. Owing 
to the relatively high ventilation rate the gaseous equilibrium in the 

climatic chamber was restored after 3-91 x— min., where V is the 

a 

volume of the respiration chamber in litres and a is the ventilation rate 
in litres per minute. The reason for discarding the protein metabolism 
in the calculation of the total heat production is evident in Table i, in 
which the heat production of an incubating egg, of an adult starving 
fowl as well as an adult bird on a normal diet has been calculated 
according to the complete formula (i) and a simplified formula. 

From the results given in Table i it may be concluded that in spite 
of the important contribution of protein combustion to the total heat 
expenditure of the adult animal under normal nutritional conditions, 
the laborious determination of urinary nitrogen is not essential in order 
to obtain correct figures for total heat production. To estimate the 
energy balance it is quite sufficient, therefore, to determine the calorific 
value of the food and the mixed excreta, in addition to the gaseous 
exchange of the animal. 

The results obtained with 12 North Holland Blues, 7 Cape ducks 
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and I Pekin duck are in very close agreement. The data obtained 
with hen No. 3 have been plotted in Fig. 2, which shows striking daily 
variations in metabolic activity and rvhich are obviously correlated with 
the time of feeding. Oxygen consumption as well as CO2 production 
are at a minimal level early in the morning just before the artificial 
lighting starts at 7 a.m. In hen 3 (Fig. 2) the Oj consumption during 
this period amounts to 4-60, 4-78 and 4-30 1./2 hr., with a corresponding 
CO2 production of 2-85. 2-97 and 2-95 I./2 hr. under conditions of 
normal feeding. 


TABLE I 

O2 consumption, CO ^ production as well as total heat production under different 
nutritional conditions 


Chicken embryo 

Oj consumption over 21 days 
COj production over 21 days 
R.Q.-0-73 

Metabolised protein 0*528 g.= 2*210 kcai. 

Heat production (complete formula) 

Heat production (short formula) 

Difference* 0-025 kcaI.*o*i per cent of total heat 


6-225 1* 
4-532 1. 


29-483 kcal. 
29-508 kcal. 
production. 


Adult fowl (fully fed) gg 

O2 consumption over 24 hr. ^ j 

COj production over 24 hr. ‘’O 

R.Q..= o-85 , , 

Metabolised protein 9*74 S-“40-9 ^1. 

Heat production (complete foraula) 2=Q.o8kcaI. 

ggrett; cent of.o.al hea. produCion. 

Adult fowl (starving) 42*470 I. 

O2 consumption over 24 hr. 29-198 1. 

C03 production over 24 hr. 

R,Q..= o-6g , 

Metabolised protein 3*62 g.= 15-2 Kca»* ^ 

Heat production (complete formula) ,99.26 kcal. 

Heat production (short formula) production. 

Difference=o-i 7 kcaL=o*i per cent of total P 

As soon as the artificial does not take place 

immediate increase in metabolism althoug raoid increase of 

until 2 hr. later. Feeding results in a , he after- 

respiratory metabolism which reaches a dieestive tract and the 

noon and is due to the greater ® consumption increases to 

specific dynamic action of the food. ^ c.qt and 5-56 I- 2 hr., 

6*93 and 6-66 1., whereas the CO2 produc ion ^ 

respectively. The respiratory quotient is ‘ Ivictabolic acti\'iiy 

morning and 0-77 and 0-83 early in the a ^ period, 

increases therefore by 56 and 51 '5 percen r.Q. over a 24 hr. 

A second point of interest is the change q, is lower than 

period. Even after an intcr\'al of 22 r. 
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could be expected when pure fat is being combusted whereas at the time 
of maximal gas exchange the R.Q,. corresponds with a figure associated 
with “mixed” combustion. Obviously, in the fowl, the basal metabolic 
state when food is withheld is realised much earlier than in mammals. 
The problem of the extremely low figure of the R.Q_. has been discussed 
by Romijn and Lokhorst (1964). The aforementioned situation is 
characteristic of animals fed once daily and eating their food rapidly, 
as a rule within i or 2 hr. 

When food is withheld the metabolic activity decreases further 
and 2 days after the last feed, an Oj consumption of 3-43 I./2 hr. and 
a COj production of i -94 I./2 hr. was recorded at 7 a.m.. This is the 
“basal metabolic rate”, since longer fasting causes no further fall. In 
the fasting animal, daily fluctuations in metabolic intensity are similar 
to those recorded in the normal animal, but the increase during day- 
time is very limited because food is withheld. 

Oxygen consumption increases from 3-43 to 3-89 I./2 hr. during 
the third day of starving; from 3-45 to 4-16 on the fourth and from 
3'40 to 3-46 on the fifth day, corresponding with increases of I4'0, 


NORTH. HOLLAND, BLUE HEN. 3.3K.G. REL.HUMIDIT/ Bi % 



Fig. 2. Daily fluctuations in metabolic activity of a North Holland 
Blue hen, No. 3. 
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18-4 and 3-4 per cent of the lowest figure at 7 a.m. In the normal 
animal, therefore, the increase of metabolic activity during daytime is 
mainly caused by food intake and absorption, rather than by muscular 
exercise resulting from the artificial illumination. In the starving 
animal on the other hand, the daily variations in metabolism are not 
accompanied by changes in the R.Q. as is the case in the normally fed 
fowl; on the contrary, the R.Q. was 0-69, 0-57, 0 59 at 7 a.m. on suc- 
cessive days of starving, remaining constant on subsequent days. 
Occasionally, the very low figure of 0-52 was obtained. Under 
starving conditions the total respiratory metabolism is, of course, 
considerably lower than in the normal animal. For example in hen 
No. 3 (Fig. 2) the heat production, under conditions of daily feeding, 
amounts to 94"8 kcal./kg./day at io°G. and is only 597 kcal./kg./day 
during starving, which represents a decrease of 36 8 per cent. 

One of the most striking features observed during starving is the low 
respiratory quotient. Noteworthy also is the fact that the R.Q. 
remains low during the starving period, until feeding is resumed. 
Thereafter, not only does the respiratory metabolism increase rapidly, 
but the R.Q. also rises sharply, and may even attain a value of 1-24, a 
figure which is higher than might be expected when carbohydrates are 
metabolised. Three days after feeding is resumed normal conditions 
are restored with daily fluctuations in metabolic activity and R.Q. 

The heat increment of food 

It is well known that the intake of food and its accompanying 
digestion and absorption results in a considerable rise in the metabolic 
rate, and that this increase of heat production (heat dissipation) 
decreases the amount of expected productive energy and should be 
subtracted from the metabolisable energy. As a matter of fact, heat 
production, even under conditions of maintenance, is considerably 
higher than in the fasting animal. This difference, the “heat increment 
of food”, has been determined in adult fowls by performing metabolic 
experiments under conditions of normal feeding (maintenance) and 
after a starving period of 4 days. Recent investigations of Romijn and 
Lokhorst (1964) on the metabolism of starving fotvis and ducks have 
shown that after 2 days the metabolic rate reaches its basal level and 
the animal is under “basal” or “standard” conditions. The results, 
obtained with several hens and cocks agree very closely and arc 
illustrated in Fig. 3. 

From Fig. 3 it may be concluded that in the starving hen, heat 
production remains c.xtremcly constant over a 24-hr, period and the 
respiratory quotient is correspondingly low. The total heat production 
of the starving hen teas shown to be of the order of tHo kcal. da\, 
corresponding with a consumption of 38-3 1 . and a CO. production 
of 27 3 1 . For a full discussion of the R.Q.. when food is svithheld, 
the reader should consult the paper by Romijn and bokhorst figCf. 
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Under maintenance conditions heat production amounts to 286 
kcal./day and is, therefore, 106 kcal./day or 59 per cent higher 
than during starving. Moreover, the daily fluctuations in heat 
production become very pronounced; switching on the light and 
supplying food produce a considerable increase in the metabolic rate. 
The R.Q,. in the normally fed animal is higher than in the starving 
animal and attains a minimum just before feeding. Thereafter, as a 
consequence of the mixed combustion of carbohydrates, fats and 
protein the R.Q_. rises rapidly. 

The total oxygen consumption of the animal under maintenance 
conditions amounted to 59-6 l./day while carbon dioxide production 
amounted to 47-7 1. during the same period. The rise in oxygen 
consumption is therefore 56 per cent of the basal consumption, whereas 
the increase in carbon dioxide production. Giving to the alteration of 
the respiratory quotient which accompanies the intake of food, is not 
less than 75 per cent of the standard production. In terms of “venti- 
lation”, therefore, carbon dioxide production, because it is so obviously 
increased and influenced by food consumption, assumes a role of major 
importance. 

Moreover, because of the sensitivity of the respiratory centre to 
changes in the partial pressure of carbon dioxide, the physiological 



Flo. 3. Heat increment of food in the Nortli Holland Blue adult 
icn, No. 3, 3*3 Irg.; Food int.akc=l.lo g./day; untcr 

consumption aiG g./day. 
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effects of this gas on the respiratory activity of the animal is more 
pronounced than ivith a corresponding reduction in the percentage of 
oxygen.^ On the other hand, owing to the efficiency of pulmonary 
ventilation and the shape of the oxygen dissociation curve of chicJcen 
blood, even a fall of several per cent in the oxygen content of the blood 
does not reduce the amount of oxygen to dangerous limits. The calcu- 
lation of the ventilation of a poultry house with a flock of 1,000 birds 
under maintenance conditions will serve as an example. 

In spite of the fact that pulmonary ventilation rate does not increase 
until the carbon dioxide concentration exceeds 1*48 per cent (ffomijn, 
^ 95 °)j the carbon dioxide content of the inspired air should, preferably, 
not rise above 0*5 per cent and the minimum quantity of air required 
for ventilation should, therefore, be such as would ensure that this 
concentration of the gas (COj) is present in the air leaving the poultry 
house. 

One bird produces 47-7 1. C02/day and 1,000 birds 47*7 m^. CO2. 
Elimination of 47 '7 OO2 with air containing 0*5 per cent of GO2 
requires therefore, that the poultry house is ventilated with 200x47*7 
~ 9 > 54 '^ fresh air/day or 6*63 m^./min. With an oxygen consump- 
tion of 59*6 m^./day the reduction in the percentage of oxygen in the 
ventilation air is of the order of 0*62 per cent. Thus, as a result of 
the gaseous exchange of the birds and the rate of ventilating the poultry 
house a situation is achieved in which the air breathed by the birds 
has a composition of 0*5 per cent carbon dioxide and 20*32 per cent 
of oxygen, which is very reasonab/c. 

It should be mentioned, of course, that under practical conditions 
it may be necessary to ventilate at a higher rate, especially in cases of 
accumulation of moisture, particularly at relatively high temperatures. 

The influence of temperature and humidity on the physiological 
condition of the birds will be discussed below. 

In any event, an estimate of the minimum rate of ventilation in the 
construction of poultry houses merits consideration in order to be 
quite sure that the capacity of the fans together with the natural 
ventilation of the building does not fall below the minimum. Needless 
to say, in practice it will be impossible, in most cases, to determine the 
respiratory metabolism of the birds, yet for practical purposes it is very* 
important to get a rough idea about the carbon dioxide production 
of the total population. In practice the only figure \vhich can be 
estimated with sufficient accuracy is the body weight of the birds and it 
would be of great advantage therefore to express the metabolic rate in 
terms of body weight. In. the case of the basal metabolic rate this may 
be estimated ^v^th surprising accuracy. It is clear that a hcav-y bird 
has a greater basal metabolism than a light one, but the correlation is 
not a linear one. 

The surface area of the body would give a better lincanty but in 
mammals, according to Kleiber (1961), the correlation between basal 
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metabolic rate and the f power of body weight approximates almost 
perfect linearity, according to the formula: 

B.M.R. =70X 

where: B.M.R. is the basal metabolic rate (kcal./day) and W is the 
body weight (kg.). 

Using Kleiber’s formula, in the starving bird (Hen No. 3, Fig. 2) 
with a body weight of 3-3 kg., heat production was found to be 172 
kcal./day, whereas a figure of 180 kcal. was obtained by indirect 



Body weight 

Fic. 4. Body weight and heat production in the starving North 
Holland Blue fowl. 

calorimetry. The close agreement between these two figures justifies 
the acceptance of the formula for birds as well as mammals. 

Using the basal metabolic rate, carbon dioxide production can be 
calculated by dividing this figure by 6’6, which is the calorific equiva- 
lent of I 1 . of CO, in the starving state. Under conditions of main- 
tenance or production the quotient should be multiplied by 1*75 and the 
result gives the total carbon dioxide production of a bird with a body 
weight of ir kg. Finally, multiplying the total number of birds of the 
same body weight by a factor of 200 gives the required ventilation 
ncccssaiy' to keep the carbon dioxide content in the poulti*)' house at 
0'5 volumes per cent. 

To give an example: In a poultry house containing 1,000 chickens, 
cacli with a body weight of 1 kg. 

B.M.R. I *=70 kcal./day 
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CO2 production amounts to i-75 = i8-56 l./day and required 

minimal ventilation: 200X1,000x18-56=3,712 m^./day or 2-58 
m^./min. It should be emphasised that this ventilation is independent 
of the cubic capacity of the poultry house and is correlated solely with 
the number of animals. The volume of the house does, however, 
ence the time which must elapse before which equilibrium is established 
between elimination of carbon dioxide and its production by the animals. 
The smaller the poultry house, the sooner will equilibrium be reached 
and the time of equilibration may be expressed by the formula; 

t (min.)=3'9i X - (Noyons, 1937)? 


where Fis the total cubic capacity of the poultry house (m.=) and a is the 

ventilation in m^./min. r . 

Consequently in the foregoing example with i 000 chickens of i kg. 
body weight, if they are housed in a cubic space of 516 m ., the gase 
equilibrium will be established after 

o.qix 51^=782 min. (13 hr.) 

^ 2-58 


Temperature and humidity 

Chickens are homoiothermic “^^^“''^ver fwi*dVranJ°rf 

to maintain their body temperatures of environmental 

environmental temperatures. In F g. 5 , . ^ considera- 

temperature on body temperature has P under normal 

tion of this hgure, it may be conclude temperature within 

nutritional conditions, is able to j ; temperature of about 

the range 4t-42°C. up to an up to about 20»C., 

34“C. With a rise of environmental “="'P" the mechanism 

heat production decreases gradually in acc ,^,ithin this range is 

of chemical heat regulation. Heat ’®^‘P ^^.j^p^eas the evaporative 
mainly achieved by radiation and convec ’ ^.^^t of tlic 

heat loss is relatively constant at a , temperature rises above 

total heat loss. As soon as the environmental tempera 

20-C. heat production is maintained ^ 

animal is then in the zone of therma neu • . -jj-i,. eliminated by 

Under these conditions the excess hca 
evaporation and at a temperature o 34 evaporation, 

total heat loss is achieved by the ph>-si • , under conditions of 

The critical temperature ^^fniSer enrironmenta^ 
normal nutrition is 'hereror^e^2__^^^^-^^ From 


lures the heat production i 
the temperature, the more heat 
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physiological standpoint the increase in evaporative heat loss is not 
very economic owing to the fact that evaporation in the fowl is ex- 
clusively a respiratory phenomenon. Increase in evaporation requires 
therefore a corresponding increase in respiratory activity, which is 
associated with a rise in the metabolic activity. In this respect the 
humidity of the inspired air will greatly influence the amount of evapora- 
tive water loss and this condition will be of increasing importance, the 
higher the environmental temperature. The capacity of the air to 
contain water vapour varies widely with the temperature (Table 2). 

The temperature of the expired air is slightly lower than the body 
temperature and in the fowl will be about qo^C. At the same time it 
will be practically saturated with water vapour and as may be seen 
from Table 2, it will contain 51 g. water/m®. At an environmental 
temperature of 2o'’C. and a relative humidity of 100 per cent the 
evaporative water loss of the chicken will be, therefore, 51 — I7'i 
=33‘9 g- water/m^. respired air. With a high environmental tempera- 
ture of about 34°C. inside the poultry house and a relative humidity 
of too per cent, the water loss per m’. of expired air will be as low 
as 51— 37-2 = I3-8 g. An evaporative heat loss of 58 kcal./day for 
example would correspond with a respiratory water loss of too g. 
(0-58 kcal./g. of water). At an environmental temperature of 20°C. 
and full saturation, this would correspond with a lung ventilation of 
too 

or about 3 m^./day. At a temperature of 34°C. and full 
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saturation, the evaporation of 100 g. of water would require a pul- 
monary ventilation rate of at least or about 7 m^./day. 

13-8 

In hen No. 4 (Fig. 5) the heat production at 20°C. as ivell as at 
34°C. amounts to 210 kcal./day. At 20°C. about 52 kcal. are lost 
by evaporation at a relative humidity of 87 per cent, corresponding 
with 89 g. of evaporated water; i m®. expired air contained 51 g. of 

water vapour and i m^. inspired air -^xi7-i or 14-9 g. of water. 

100 

Evaporation of 89 g. of water thus requires a ventilation of the res- 
piratory tract with or about 2-4 m®./day. 

36-1 

TABLE 2 

Mass of water vapour in saturated air 


Temp. 

'’C. 

Mass of water in 

0 

4-8 

10 

9*3 

20 

171 

30 

300 

34 

37-2 

40 

510 


At 34°C. not less than 50 per cent of total heat or 105 kcal. is lost by 
evaporation corresponding with an evaporation 0 ' 9 ° J 

As the relative humidity was 64 per cent at 34 C., i m . o P 
air contained 23-8 g. of ivater vapour. The corresponding pulmonary 

ventilation rate may be estimated as or 7 m .,day. 

To prevent an augmentation in the water ''“P'’'''' 
surrounding air it is necessary, therefore, to pro'T e .a ‘ j .^15 
which is adjusted to the sum total of water elimination 
on the one hand, and to other evaporating sources o , . j 
the ease of a poultry house with a population of 
mentioned above, a ventilation rale of 9,5.10 m ' ‘ ' 

in order to keep the CO™ percentage on or c o'\ o 5 j ^ 
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ventilation, in order to prevent a rise in humidity over 87 per cent. 

The requisite ventilation may then be expressed as - or 1 1,880 

m®./24.hr. or 8^25 m^./ min. The evaporative weight loss of the birds, 
even at moderate temperatures, rather, than their carbon dioxide 
production and oxygen consumption is, therefore, the determining 
factor in the adjustment of ventilation. The higher the environmental 
temperature, the greater the water vapour produced, and hence the 
greater the ventilation that is required to maintain a moderate humidity. 



Flo. 6. The contribution of evaporative heat loss to the total heat 
loM in a North Holland Blue laying hen, No. 4. Body weight 
±3 


The important contribution of evaporative heat loss to the total heat 
loss is well illustrated in Fig. 5, At environmental temperatures from 
30®C. up to 34'’C., half of the total heat dissipated is given off as 
evaporative heat, resulting in an increased water consumption as is 
illustrated in Fig. 6 for hen No. 4. 

food consumption decreases with rising environmental tempera- 
tures, whereas water intake remains approximately constant up to 
25®C. With a rise in air temperature above 25®C., a further rise in 
water consumption can be obscr\'cd. At 2o°C., the water intake is 
about 1*75 times the food consumption, whereas, at 3.j.®C., there is a 
fourfold increase. The decrease in food consumption at higher 
cmironmcnial temperatures is striking: heat production remaining 
constant (Fig. 5) there will be eventually a marked decrease of the nett 
cnerg)' and eventually a considerable loss in l>ody weight. 
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The figureSj obtained for the energy balance of the same animal 
(hen No. 4) have been plotted in Fig. 7. 

The decrease in gross energy at the higher environmental tempera- 
tures is accompanied by a decrease in metabolisable energy and, as a 
result of the constant heat production, the nett energy becomes negative 
at a temperature of 34°G. In spite of the fact that egg production was 
maintained at temperatures of 30°^!. and higher, over a period of 
several days, it is clear that these environmental conditions should^be 
avoided as far as possible. At environmental temperatures of 30°C. 
and above, the body temperature rises gradually and at 34 C. a slight 
hyperthermia has developed with a body temperature somewhat 
higher than 42°G. It should be emphasised that under these conditions 
the relative humidity of the air is decisive in determimng the survival 


or death of the bird. , c n 

In starving North Holland Blues, Romijn and Lokhorst (1961*) 
found hens to be more susceptible to heat than cocks. Exposure of hens 
to a temperature of 35°G. at a relative humidity of 95 per cent ® 
4 hr. period resulted in a rise of body temperature from 41 G. o 
44°G. and a corresponding increase in metabolic rate. t a “"I’ . 

level of 36 per cent, however, the same temperature as a ar j 

mental effect and a much longer period of exposure can c , . 
before a fatal body temperature is developed. ,”?wvanorativc 

exposure to 37°G. and a relative humidity of 30 per cen , , . g „ 

heat loss was more than 50 per cent and occasionally as high as 84 3 
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per cent of the total heat loss. In consequence of the heat increment of 
food it may be anticipated that fowls under normal nutritional condi- 
tions have a smaller heat tolerance than starving animals. 

In Table 3 the heat tolerance of an animal under normal nutritional 
conditions has been determined. As is clearly shown the humidity of 
the environmental air is the determining factor in maintaining body 
temperature as soon as the air temperature rises above 33°C. 


TABLE 3 

Heat tolerance of a North Holland Blue hen 
Body weight 3^4 kg 


Day 

Temp. 

Relative 

hunudity 

Body temp. 

Heat production 

Evaporative 
heat loss 

Evaporative 
heat loss 
per cent of 

No. 

'C. 

per cent. 

“C. 

kcal./day. 

kcal./day. 

total heat loss 

i 

24*2 

78 

408 

.87-7 

51-8 

27-6 

2 

24*2 

80 

40-7 

182-8 

50'6 

27*7 

3 

24- 1 

84 

40-7 

183-5 

397 

21-6 

4 

24-5 

40 

40-5 

170-1 

86-3 

50*7 

5 

24*2 

40 

40-6 

174-3 

87-4 

50*2 

6 

33*7 

40 

41*3 

1769 

ii 5’0 

650 

7 

33-8 

40 

41*4 

i8o-o 

149*5 

Bo-3 

8 

33-8 

90 

42-3 

196-0 

75*9 

38-7 


Not less than I49'5 kcal. or 80*3 per cent of total heat is lost by 
evaporation and it is therefore very essential for the wellbeing of the 
animal to keep the humidity as low as possible. Forced ventilation of 
the poultry house may be helpful, but it is not always successful where 
the humidity of the outdoor air is high and, in this event, decreased 
productivity and increased susceptibility to disease or even death from 
heat collapse may be the final outcome. 
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THE RESPONSE OF THE IMMATURE CHICKEN 
TO AMBIENT TEMPERATURE 

G. W. OSBALDISTON 

School of Veterinary Medicine, University of Cambridge 
Synopsis 

During the brooding period, the response of a population and an 
individual chicken maintained singly, is different. The individual 
increases its food consumption as the temperature of the environment 
cools — the range was 3Q-2°G. to 7*2°G. — but the energy lost as heat is 
so excessive that the growth rate at is significantly inferior to 

that at 32*2®G. The population responds to suboptimal temperatures 
not by increasing its food intake but by decreasing its heat loss. The 
individual birds in a population huddle into groups and as the tem- 
perature becomes more unfavourable the group packs more closely. 
The population employs its behavioural reaction which maintains its 
food conversion efficiency at the expense of growth rate, whereas the 
food conversion efficiency of the bird maintained singly, becomes 
worse as the temperature becomes less favourable. 

The suboptimal temperature stimulates the food intake of the 
individually reared bird whereas it primarily stimulates a behavioural 
reaction within a population. 


Introduction 

At hatching, the chicken is relatively mature in its thermal indc- 
pcndance to the environment. The body temperature of the chicken 
a few hours after hatching is 38*9^0. Hcmslcy (personal communi- 
cation) has found that as chickens arc taken off the incubator trays, 
body temperature may be as low as 36*7®G. The chicken’s locomotor 
activity is already highly developed at hatching and it can maintain 
its blood glucose level for several days after hatching even without food, 
and although its liver and heart glycogen content is low (Beattie, 
*964). Its body temperature rises to 4i*7°C. within the first fortnight 
after hatching which suggests llial its rate of development of thermo- 
regulation is slow; this rate ofdcxxlopment of thermoregulation is not 
as temperature dependent as might be expected because chickens 
reared individually in a cold environment (7*2°C.) took only 2 clays 

••s 
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longer to build up their body temperature to 4i-7'’C. than those 
reared at 32-2°C. 

The behaviour pattern of the newly hatched chicken is influenced 
by ambient temperature. In a warm environment (32-2°C.) the 
chicken is very active and has short rest and sleeping periods; as the 
environment cools, the activity is less and in a cold environment 
(i5-6°-i2-8°C.) the chicken spends most of its time squatting ivith its 
feathers flattened or ruffled. This behaviour suggests that the chicken 
in the cool environment has an instinctive way of heat conservation. 
With a group of chickens, this behavioural response to a cooling 
environment leads to their packing together to form a dense carpet. 
Huddling was termed social temperature regulation by Brody (1945}. 

The outstanding landmark in the literature discussing the effect of 
environmental temperature on the metabolic heat response of the 
chicken is the paper of Barott and Pringle ( 1 946). This shows that the 
metabolic response of the individual chicken to the environmcnta 
temperature is already well developed at hatching but it has relative y 
limited ability of heat conservation. The environmental temperature 
range for minimal metabolic rate is around 35°C, at hatching and is 
clearly defined; as the chicken grows, progressively cooler tcmpcratiircs 
arc associated with the minimal metabolic ^ rti?n 

shown that piglets by huddling together can modify the m ucncc o 
environment to such an extent that the increase m e ‘ 
response per unit mass of active tissue in cold surroun mgs is m 
than with single pigs. There is no published work of the response of a 

®Th:?onlttTona. husbandry recommcndations^for^brooding^sr^l. 

groups of chickens is an ambient temperature ^ 35 
Lys after hatching gradually reducing to i8-3“C. at 6 
Osbaldiston and Sainsbury (1963) found a constant P ^ 

ture ofai-i^C. to be associated with the fastest " 

populations of approximately 1,000 mf/^hjeken maintained 

sion is to show the dissimilarity m the respon coolinc environ- 

singly, and the average individual of a popu a 
ment. 


The Influence of Air Temperature 
tion 


RisuUs and Discussion 

the Average Grotvili Response of a I opnla- 
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of 39 g. was chosen as this was the averaging weight for these chickens 
a few hours after being taken from the incubator trays. It is clear 
that the chicken shows a marked response to air temperature, and in 
this case the response was significant (P<0-05) at 2 weeks of age be- 
tween those populations reared at 21 -1° and 23-9‘’C. and those reared 
at i2-8°C. The instantaneous growth rate k* declines rapidly during 

the first few weeks of the brooding period and the differences in the 
3 weeks’ body weights resulting from the different growth rates, could 
be attributed solely to the air temperature. After the third week, the 
instantaneous growth rate in each climate was similar and the relative 

TABLE I 

The calculated average liveweight {grams) of populations {mixed sexes) at 
various ages, reared at various constant ambient temperatures if hatching at an 
average weight of jg g. 

Age 

weeks 26*7®C. 23'9'’C. 2i*i"C. l8-3®C. iS’e^O. ig'S^C. 

3 315 332 342 301 283 271 

6 885 929 982 916 892 B23 

9 1,576 1,652 1,742 1,678 1,580 1,478 

differences between the cumulative growth rates lessened. This 
similarity in the value of k from 3 to 9 weeks of age suggests that climate 
was not influencing the growth rate. Temperature exerted its effect 
only in early life; within the temperature range 12 '8° to 26*7'’G., the 
growth rate became less sensitive to climate as the birds aged, body 
size becoming the most important factor in determining the succeeding 
weight gain after 3 weeks of age. 

The Response of the Individual Chicken in a Population to Ambient Temperature 
Although the temperature was able to alter the growth response of 
the population, Table 2 shows that the individual chicken of these 
populations showed a marked refractoriness in its response to the 
environment. 

The response of the individual may be shown by the coefficient of 
variation of the individual weights about the mean. In an optimum 
climate it is to be expected that the relative deviation (coefficient of 
variation— mean weight) would be least and in the less favourable 
climates the relative deviation rvould increase. Chance (r 957 )» 
Ashoub, Diggers, McLaren and Michie (1958), and Zuckcr, Atkinson, 
Schncll and Donovan (1958) have all agreed that when birds arc 
placed in an unfavourable environment the variation of the body 
weights incrc.ascs and that this population response characterises the 
response of the individuals comprising the population. Bird and 
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Gutteridge (1934) suggested that the females were more severely 
affected than males by adverse conditions. 

The relative deviations of populations at 3 weeks and 6 weeks after 
hatching are very similar to relative deviations of the 9-week birds in 
Table 2. The relative deviation at hatching is slightly less. Thus after 
hatching there is a small response but after 3 weeks of age there is no 
apparent response. This refractoriness is attributable to the hybrid 
genotype of this strain of chicken. Presumably there is sufficient genetic 
variability to cope with the effects of this range of climate. Lerner 


TABLE 2 

Effect of hatching weight on relative deviation of liveweights atg weeks 

Chickens from populations which were reared^ in a n . (jevia- 

divided at the end of the experiment, on the basis of hatching weiS an of subdivision 
tion of the liveweight of the individuaU in each igh“^ 

was W Heavy hatching weight 42, 43 and 44 g- (*) M=*um hatching weight 38, 39 
and 40 g. and (c) Light hatching weight 34, 35 and 36 g. 

Hatching weight 


(a) Males , 

Season of year 

Heavy 

Summer 

7*2 

Autumn 

91 

Winter 

6-9 

Spring 

10*9 

(b) Females 

Summer 

7-6 

Autumn 

6*2 

Winter 

97 

Spring 

9*2 


Medium 

7 - 8 

81 

7*9 

8 - 3 


71 

9-3 

70 

8-2 


Light 


12-3 


7- 8 

97 

8 - 2 


(1954) with his concept of “‘^ucrasTTtween two inbred 

suggests that heterozygous populations general environment, 

lines, would be more resistant to changes The chickens 

that is there would be less response ^ **^5 ™Jhirken behave according 
in Table 2, which were a commercial broi er V yanation is of 

to Lemer’s hypothesis. _ This the methods of mass 

tremendous commercial importance, becau criteria which 

selection used to determine parental genera 10 ’ liveweight of a 

need to be considered for growth response 
population. 

indimdual Chicken mamtained 

The Influence of Ambient Temperature on 

^'"Sb . temncrauirc for a 

Table 1 shows that 2i'i°C- is ^^^Jpeiency of energy utilisa- 

population if growth is the criterion. ' /’to^a) and Barott an 

tion is the criterion, Kleiber and i37-8°C. is * 1 ^^ optimum 

Pringle (1946) have shown 35 ' in ngreemrnt 

temperature for young chickens. a 

a 
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with the conclusions of Barott and Pringle. In this experiment the 
chickens were reared in constant temperatures of 32-2°, 23-9°, i5-6° 
and 7-2°C. 

TABLE 3 

The age at which individual chickens maintained singly, in constant ambient 
temperatures, weighed 1,000 g. liveweight 

32-2°C. 23'9°G. I5-6'’C. 7-2°C. 

47 days 59 days 64 days ' after 42 days 
the chickens 
averaged 250 g. 


Comparison between the Individual maintained singly, and the Population 
Response to Ambient Temperatures 

In both cascSj the optimum temperature for growth did not fall as 
the birds grew and the effect of temperature was most pronounced in 
the first few weeks after hatching, except in the population studies 
23'9°G* 'vas associated with heavier liveweight gains in the first fort- 
night after hatching and at' 3 weeks, 2i*i*C. became associated with 
the heaviest gains. After 400 g. liveweight, body size was the most 

TABLE 4 

The relative rale of growth during the first 3 weeks after hatching 

for birds reared singly or in populations, at diverse brooding temperatures 


A. Singly reared 



Brooding 

. - , A. 

temperatures 

\ 


Age after hatching 


32-2*0. 

=3-9°C. 


7‘2°C. 


I week 


'44 

II 2 

81 

53 


2 weeks 

3 weeks 


96 

86 

92 

90 

77 

56 

36 

39 


B. Populations 

26 ' 7 ''C. 

ns-g-C. 

2 I-I*C. 

18-3*0. 

15-6*0. 

12-8*0. 

I week 


162 

168 

'44 

126 

1'9 

2 weeks 

95 

98 

92 

94 

95 

90 

3 weeks 

63 

65 

76 

72 

69 

77 


important factor determining the later growth response when the diet 
was fed ad libitum. Table 4 gives a comparison of the rate of growth of 
individuals maintained singly, and populations, both reared in con- 
stant temperature en\dronments. The groivth of the individual kept 
at 32*2 C. is very similar to the average number of a population kept 
at i8-3°C. ^ * 

Table 5 shows the voluntary food intake of the individual is less 
than that of the average intake of the population. It would appear that 
by their general activity, members ofa population stimulate each other 
to cal. There was a very noticeable difference in die acth'ity of popula- 
tions reared at 23*9° or 21 ’i^G. compared with those reared at i2*8‘’C., 
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those at 23-9°C. being much more vigorous. However, at I2-8°C. 
the average intake of a population is greater than that of the individual 
at 32-2°C. The efficiency of food utilisation (Table 5) is best at 
Sa-a^C. for the chicken maintained singly. Kleiber and Dougherty 
(1934) show that for chickens of up to 15 days of age, the efficiency of 
energy utilisation is maximal at 35-0° to 37-8°C. In the same table of 
results, they also show that growth rate is maximal at 2i-i°C. In this 
problem, a distinction must be drawn between efficiency of food use 

TABLE 5 

Food intake and the ejficiencji of food utilisation during the first fortnight after 
hatching for birds maintained singly, or in populations, at diverse temperature 

Brooding temperatures 


A. Singly reared 

32 - 3 “C. 

23 £)“C- 

i 5 * 6 °C. 

7'2“0. 


Food intake 

Food utilisation 

201 

250 

272 

208 


efficiency 

067 

046 

0-34 

0-20 


B. Populations 

23-9*0. 

21-1*0. i8'3*C. 

15-6*0. 

12-8*0. 

Food intake 

Food utUisation 

252 289 

249 

224 

221 

219 

efficiency 

062 o-6o 

o-6i 

0-62 

o-6o 

0-56 


and the growth rate. A comparison of the response of the individual 
and the population in Table 5 suggests that the individual responds 
to a temperature stimulus by increasing its food intake whereas the 
population does not. If the comparison of individual intake had been 
made on a unit body weight basis, the chickens at 7-2°C. consume 
three times the food of those kept at 32-2°C. The efficiency of food 
utilisation of the populations is very similar from 26'7° to I2-8°C. 
whereas the individual efficiencies decrease threefold. Because 
the food utilisation efficiency for the populations is similar, ambient 
temperature did not, therefore, significantly alter the metabolic 
heat loss. The population responds to the temperature stimufus, 
not by increasing food intake, but by a behavioural reaction «hcrcb>- 
they huddle more closely. The differences in the efficiencies of food 
utilisation of the individual can be explained by the increasing mcl.a- 
bolic heat losses at the cooler temperatures. The percentage of the 
energy intake used lor heat production by these individually maintained 
chickens during the first fortnight after hatching teas 37'7 rent at 
32-a°C., 43*7 per cent at 48‘8 per cent at 15-6^0. and pG-', 

per cent at 7-2°C. 
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ENVIRONMENTAL TEMPERATURE AND 
EGG PRODUCTION 

C. G. Payne 

University of Mottingkam School of Agriculture^ 

Sutton Bonington, Loughborough 

Synopsis 

Three experiments have been carried out with laying hens housed 
under defined temperature regimes within the 1 8-3o'’C. range. 

In the first two experiments where various temperature environ- 
ments were compared, more efficient production was obtained when the 
environmental temperatures approximated to 30°C. as compared with 
20°C. In the third experiment where two diets containing di/Terent 
energy levels were fed to layers housed at 30°C,, a diet containing 
42-5 per cent of barley was associated with more efficient egg production, 
than a similar diet of higher energy level where the barley was replaced 
by wheat. 

Reasons for the apparent contradictions betsveen these results and 
other data from hens housed at 30°G. reported in the literature arc 
discussed. 


Introduction 
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environment around I5°C. was superior to a non-controlled tempera- 
ture environment where the daily minimum temperatures fluctuated 
between s'C. and io°C. for long periods. 

Voluntary food intake decreases as environmental temperature is 
raised, and if the two extremes of temperature in Table i are compared, 
then a difference in food intake of approximately 40 per cent is noted. 

TABLE I 

production as injiuenced by environmental temperature 
{data adapted from Ota, jg6o) 

Daily feed 


Air temperature 

Egg number per 

Egg size 

intake g./ 

Food conversion 

"C. 

too hens per day 

g- 

bird 

kg./dozen eg^ 

—5 

2G 

57-5 

186 

8-63 

3 

65 

5^-7 

158 

2'95 

8 

74 

56-4 

150 

2-32 

»3 

78 

55-8 

141 

2*r8 

t8 

75 

550 

132 

2-09 

24 

68 

53-8 

122 

2 ’i8 

29 

56 

524 

113 

2*32 


TABLE 2 

Egg production as influenced by environmental temperature 
{data adapted from Mueller [igSt)) 


Air temperature 

Egg production 

Food intake 

Food conversion 

Egg size 

per survis’or in 285 days 

g./bird/day 

kg./dozen eggs 

g- 

Constant I3®C. 

'79 (62-9%) 

128*0 

2*46 

58-9 

Constant 32°C. 

140 (49-1%) 

8G*5 

0.3G 

50’4 

i3*32*t3®C. cycling 
with a gradually 
changing tempera- 
ture throughout the 
24 hr. 

190 (66-7%) 

109*2 

567 



2*00 


TABLE 3 

The effects of constant versus fluctuating temperature environments on the perform- 
ance of laying pullets {White Jjghoms fed a diet contining 2,640 {M.E.) 
hcal.Hg.) 

Fairly constant. Fluctuating. 

Minimum temperatures Minimum temperatures 
House temperature regime higher than 13®C. often 5“C. and below 


Forty weeks egg production, per cent 

727 

70*7 

Food consumption, g./bird/day 

Food Consumption, kcal.*(M.E.)/bIrd/day 

125 

130 

.329 

34« 

Food conversion, kg. food/doien eggs 

2*oC 

2*20 

latg weight, g. 

Co*2 

CoO 


(Data of Peterson, Sauler, Osnrad and Ijmpman, 
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This variation in voluntary food intake with environmental tempera- 
ture, is an energy-regulating mechanism; the requirements for other 
nutrients remains fairly static. Thus, the National Research Council 
( 1 960) states that protein and amino acid requirements of laying hens 
remain as fairly constant absolute quantities irrespective of the level 
of food intake. ' However, requirements are usually expressed as per- 
centages of the diet rather than as absolute amounts, and usually levels 
of essential nutrients are not adjusted according to feed intake. Thus, 
at high food intakes surplus quantities of these essential nutrients may 
be consumed, whereas at low food intakes nutritional deficiencies may 


TABLE 4 


Calculations on the daily intake of methionine and 
Mueller's [igSi) experiments {shown in 


National Research Council (1960) staled requiremcnis ex- 
pressed as a percentage of diet 
National Research Council (i960) requirements expressed as 
g./bird/day, assuming that the N.R.C. figures refer to a 
consumption of 114 g./bird/day 
Calculated intake (g./bird/day) at constant 
Calculated intake (g./bird/day) I3®*32*-I3'’C. cycling 
Calculated intake (g./bird/day) at 32®C. constant 


tryptophan 
Table 2 ) 

consumed in 

Methionine 

Tryptophan 

0-28% 

o> 5 % 

0-32 g. 

0-17 g. 

0-34 g. 

0-19 g. 

0-3 »g. 

o*i7g- 

0-25 g. 

0-13 g. 


occur. If the data of Mueller (1961) given in Table 2 are reconsidered, 
it can be demonstrated, as shown in Table 4, that the poor production 
of the hens housed in the constant environment may have been 

due to deficiencies of methionine and tryptophan. 

This hypothesis is supported by the data ofBray and Gcsscll (1961), 
who housed hens under constant temperature environments of between 
6'’G, and ^o°C. for short-term collection periods. In these experiments 
it was shown that provided the daily food intake contained 15 g. of 
crude protein, with 0*49 g. of the sulphur containing amino acids, egg 
production was similar at all environmental temperatures even though 
food intake varied between rzo ^.jhirdlday at 6°C, and 90 g. 'bird ay 
at 32 °C. 
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obtained in one experiment, but were obtained from similar stock 
housed as control birds for different observations in the ammonia 
experiments. Because of their low food consumption and good egg 
production, the food utilisation efficiency in the 2g°C. environment was 
superior to any results we had previously obtained. In this series of 
observations as well as in subsequent experiments, hens housed at 
29°-30°G. showed no symptoms of heat stress. 


TABLE 5 

Diets used in the environmental temperature experiments 


Yellow maize meal 
Ground barley 
Ground wheat 
Ground milo 
White fishmeal 
Soyabean meal 
Pinhead limestone 
Layers supplement* 

Fatj 

Calculated analyses 
Metabolisable energy (kcal./kg.) 
Calcium (per cent) 

Crude protein (per cent) 
Methionine (per cent) 


EL 21 

EL 24 

EL 30 

EL 31 

45 

22 

25 

25 

— 

— 

42-5 

— 

— 

27 

— 

42’5 

20 

27 

— 

— 

— 

5 

7-5 

7*5 

20 

7-5 

10 

10 

5 

4 

7*5 

7*5 

5 

5 

5 

5 

5 

2-5 

2*5 

2*5 

3075 

3150 

2740 

2950 

3*2 

3*2 

4-6 

4*6 

15*6 

15-0 

t6-i 

I7'0 

0-35 

0-36 

0*42 

0-44 


* Described by Smith and Lewis (1964); containing O’lO per cent 
added DL»mcihionine. 

t No. I, supplied by Proctor and Gamble Ltd., Newcastle- 

upon-Tyne. 


TABLE 6 


Observations on the performance of White l^ghom pullets housed at two environ- 
mental temperatures. The figures refer to 5^ pullets j treatment, fed diet EL 2t 
{Data of Charles, Payne and Lamming, ^963) 


Environmental temperature 
Relative humidity 
Egg production (per cent hen week) 
Food consumption (g./bird/day) 
Shell thickness (mm.) 

Egg weight (g.) 

Food conversion (kg./doxen eggs) 


i8“G. 

67 per cent 

787 

119-0 

0- 338 
6f4 

1- 83 


29®C. 

51 per cent 
79-6 
95-6 
0-333 

58*3 

«*47 


The second experiment was of a pilot nature, involving 12 rooms; 
each room contained 12 hens. There were six environmental tempera- 
ture treatments; thus each temperature treatment was performed using 
only 24 hens housed in 8 triple-bird cages. The results of this experi- 
ment arc shown in Table 7, and as in the previous experiment, the 
clhcicnt performance of the stock housed at high temperatures was 
rcitcrat(^. There tvas some indication that the performance under 
fluctuating temperature environments was superior to constant ones, 
especially if average temperatures arc compared. 



TABLE 7 

Summary of rtsuUs olilaiiied from llie second environmental experiment at the University of ffottingham {Lincoln, J^6f) 
The resrdls refer to While Leghorn pullets, housed under continuous lighting, for i6 weeks. Fed diet EL zp 
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In the second experiment all the stock gained more than 3 g. live- 
weight per day; which seemed to be an unusually large amount, thus, 
in a subsequent experiment the prolonged performance of White 
Leghorn hens housed at 30°G. is being studied, when fed diets contain- 
ing two different energy levels (diets EL 30 and EL 31 given in Table 5). 
The results of this experiment for the period of 260 days from first egg 
are shown in Table 8. Excellent production has been obtained from the 

TABLE 8 

Results of the third environmental experiment — ys White Leghorn pullets per 
treatment housed in triple bird cages at 3o°C. constant for the period 0-260 days 
from the first egg 



Medium energy 

Higher energy 


diet 

diet 


EL 30 

EL 31 

o-rfib day period 

Number of eggs/hen (hen housed) 

«97-5 

i80'O 

Food consumption (g./bird/day) 

99*2 

96-6 

M.E. intake (Cal./bird/day) 

270 

285 

Livcweightgain (g./bird/day) 

0-86 

1*32 

Mean egg size (g.) 

576 

57'4 

Food conversion (kg./dozen eggs) 

»*55 

1*67 

Food conversion (g. food/g. egg) 

2'24 

2-43 

sjt-sCo day period 

Per cent lay (hen/day) 

75-2 

77-0 

Food intake (g./bird/day) 

93'5 

86-7 

M.E. intake (Cal./bird/day) 

256 

255 


hens fed cither diet; the slightly lower production on the higher energy 
ration has been due to fiuctuations rather than a prolonged falling off 
in egg production. These fluctuations may have been due to over- 
consumption of energy, or to inadequacies srithin the protein com- 
ponent of the diet. 


Conclusions 

1. Experiments reported in the literature indicate that io-i5°C. is 
the ideal environmental temperature for laying hens. However, the 
decreased production at higher temperatures may have been due to 
nutritional inadequacies mediated by low food consumption. 

2. On feeding diets containing high levels of methionine and other 
essential nutrients, this reduction in performance at high environ- 
mental temperatures has been largely os'crcomc, and feed efficiency 
has been improved. However, egg size has still deteriorated as en- 
vironmental temperatures have been laised. 

3. There is a need for considerable c.\pcrimcntation on the optimal 

temperature requirements of laying stock. Such experiments must be 
carried out using diets and lighting patterns ss'hich arc carerully tlefinerl. 

.;. In the interpretation and adaptation of the results of any 
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temperature experiment for commercial application, care must be 
taken in the design of the housing used, especially regarding insulation, 
ventilation and heating standards. 
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CONTROLLED ENVIRONMENT HOUSING: 
THE PRACTICAL PROBLEM OF OBTAINING 
THE PHYSIOLOGICAL OPTIMUM 

D. W. Sainsbury 

School of Veterinary Medicine, University of Cambridge 
Synopsis 

The conventional arrangement for ventilation of poultry houses is 
to extract the stale air at the ridge and bring the fresh air in at the sides. 
With the modem wider span house this system can lead to poor distri- 
bution of the air and uneven floor air velocities. Methods are described 
in which the incoming fresh air can be diffused and its velocity so 
lowered that uniform air movement is ensured across the building. 
Fans are placed in the wall to remove the adverse effects of wind 
pressure. Artificial heating can be provided either at the entrance to 
the duct or as the air passes out of the duct into the house. 

Introduction 

In recent years the climatic conditions required by poultry have been 
defined with some accuracy. Our knowledge has been reviewed in 
detail by Hutchinson (1954), Wilson (1957), Payne (1962), Osbaldiston 
and Sainsbury (1963) and Harvey (1963). The problem, however, in 
the poult^ industry has increasingly resolved itself into the difficulty 
of obtaming those conditions defined by the physiologist as being 
optimal, by economic and practical means. 

The aim of this paper is to present some methods whereby this 
problem may be reduced or relieved, with particular emphasis on air 
movement and ventilation. 

The most important climatic needs of poultry are a correct and 
reasonably uniform ambient temperature together with a ventilation 
rate wluch is principally related to the liberation from the atmosphere 
of the respiratory moisture of the birds and evaporations from their 
excretions. The optimum temperature for the day-old chick is in 
the order of 32° and this reduces to about I3°C. by maturity. It is 
therefore clear that in temperate climates such as the European, the 
temperature inside the building will lor most of the year have to be kept 
above the outside temperatures. The required ambient temperature in 

a,. 
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the building may be built up in three ways — by artificial heating of the 
air where appropriate, by retention of the body heat of the birds and 
by good thermal insulation of the surfaces to retard the heat loss. 

Artificial heating is apparently only necessary in the first few weeks 
of life; later the correct temperature can be generally obtained by the 
two last mentioned methods. Nowadays with the high density of 
stocking normally practised, the heat output per square metre of 
surface area is high and this materially assists in the maintenance 
of the correct ambient temperature. 

In practice the essential problem is to maintain the correct tempera- 
ture throughout the building and yet obtain the required venmation 
rate and an even and draught free movement of air at the position of 
the birds. 


Methods 

In the traditional poultry house of narrow span (6 metres to 9 
metres) the stale air is normally extracted at the ridge “ ^ e ousc an 

the fresh air is brought in at the walls through hopper or ot cr orms o 

inlet openings (see Fig. i). Modem practice, however, avours \ 



span of house and spans varying from '3-7 metres ^ ^21^ 
common. With the conventional arrange temperature 

tendency for considerable variations to exist c n 
of the incoming fresh air at the side of the .,.e 

the centre of the building. If the birds [q over- 

results of this can be a ^ this can have harmful 

crowding in some areas. It is well known that this can 

effects on productivity and the incidence o isca . ^ . j j, 

One method that has been found of a fiber of 

favourable effect is to diffuse the air as i c j 55 ^jonc success- 

glass fibre or hessian. On other occasion the d.ffusmn^d^.^ 

fully by using perforated hardhoard. 

enters over a large area at ^ ^unbring ability of die fiber 

velocity arc reduced to a minimum b) .jirTird filters which are 

or hardboard. There arc also ^-aila ^ m • p„rif, |„j. 

designed to have the combined effect u « ' ,,indl)ome spre.id. 

it from micro-organisms that reach the loii • m comiderahle 

With the method described above there ar 
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practical difficulties. The walls of the modern poultry house are often 
low so that it is still difficult to avoid rather steep temperature gradient 
at floor level. Also, the extracting fans in the ridge are affected by high 
wind pressures. It can therefore be reasoned that if the air is brought 
in at the centre of the house and the extracting fans are placed in the 
walls to move the air in the opposite direction, the distribution of air 
could be better and the harmful effects of wind pressure on the house 
could be nullified by suitable mounting of the fans. 


Intake duct 



Fig. 2 . Diagrammatic cross section of poultry house with side 
extraction and diffused air intake showing direction of air movement. 
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Fio. 3. Diagrammatic longitudinal section of poultry house of the 
same type as in Fig. 2. 


A practical system that has been developed following these last- 
mentioned principles functions as follows: 

(i) Multiple extracting fans are placed in the side walls ^vith 
external baffles to prevent wind pressure effects (see Fig. 2). 

(ii) A large central duct is placed under the ridge of the building 
and is designed to be of such an area that the air velocity along 
its length is not in excess of 305 m./min. (sec Fig. 3). 

(iii) The duct is opened at each end to the atmosphere; controllable 
louvres allow suffleient free fresh air entry but protect the duct 
from rain or snow. 

(iv') The form of perforated hardboard used has 2,800 holes per 
square metre, each aperture being 0*51 cm. in diameter. 
Using this arrangement in a 21-3 metre wide house with an 
intake duct of 4*65 square metres area it has been found that 
the air velocity as little as 0*305 metres away from the duct is 
under 12*2 metres per minute during the minimum winter 
ventilation. This is well within the critical requirements of 
the young chick (Payne, 1961). Smoke tests carried out with 
this system show a uniibrm and even movement of fresh air 
from the duct to the extracting fans. 
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(v) Heating may be applied to the incoming air either in or out- 
side the duct. The most usual arrangement is to heat the air 
at one or both ends of the duct. An alternative arrangement 
that may be used is to place radiant or other heaters within the 
house but close to the duct so they heat the fresh air as it 
emerges. With both arrangements the need for additional 
brooding heat is eliminated. 


Conclusions 

Initial experience with this system of central diffused air entry and 
wall extraction confirms that it can produce an even distri ution o 
birds on the floor and an absence of measurable temperature or air 
velocity variation across the house. Well-designed baffles over e 
extracting fans have also prevented the wind pressure exerting an 
unfavourable effect on their mechanical efficiency. T e arrangemcn 
has proved suitable for all ages of birds kept on t e oor an 
quantities of ventilation and of heat can be simp y regu a e a 

“TariS of this method have also been used for 
batteries and for chicks in tier-brooders; the bene^ ts 0 
probably even more important with birds kept in cage 
have no means of movement to avoid cold-air raug 
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practical difficulties. The walls of the modern poultry house are often 
low so that it is still difficult to avoid rather steep temperature gradients 
at floor level. Also, the extracting fans in the ridge are affected by high 
wind pressures. It can therefore be reasoned that if the air is brought 
in at the centre of the house and the extracting fans are placed in the 
walls to move the air in the opposite direction, the distribution of air 
could be better and the harmful effects of wind pressure on the house 
could be nullified by suitable mounting of the fans. 



Fig. 2 . Diagrammatic cross section of poultry house with side 
extraction and diffused air intake showing direction of air movement. 
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Fio. 3. Diagrammatic longitudinal section of poultry house of the 
same type as In Fig. 2. 


A practical system that has been developed folIo^ving these last- 
mentioned principles functions as follows; 

(i) Multiple extracting fans arc placed in the side walls ^vith 
external baffles to prevent wind pressure effects (see Fig. 2). 

(ii) A large central duct is placed under the ridge of the building 
and is designed to be of such an area that the air velocity along 
its length is not in excess of 305 m./min. (sec Fig. 3). 

(iii) The duct is opened at each end to the atmosphere; controllable 
louvres allow sufTicicnt free fresh air entry but protect the duct 
from rain or snow. 

(iv) Tlic form of perforated liardbuard used has 2,800 liolcs per 
square metre, each aperture being 0*51 cm. in diameter. 
Using this arrangement in a 21*3 metre Avidc house with an 
intake duct of 4*65 square metres area it has been found that 
the air velocity as little as 0*305 metres away from the duct is 
under 12*2 metres per minute during the minimum winter 
ventilation. This is well within the critical requirements of 
the young chick (Payne, 1961). Smoke tests carried out with 
this sptem sliow a imtfonn and even movement of fresh air 
from the duct to the extracting fans. 
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(v) Heating may be applied to the incoming air either in or out- 
side the duct. The most usual arrangement is to heat the air 
at one or both ends of the duct. An alternative arrangement 
that may be used is to place radiant or other heaters within the 
house but close to the duct so they heat the fresh air as it 
emerges. With both arrangements the need for additional 
brooding heat is eliminated. 


Conclusions 

Initial experience with this system of central diffused air entiy and 
wall extraction confirms that it can produce an even distribution o 
birds on the floor and an absence of measurable temperature or air 
velocity variation across the house. Well-designed baffles over the 
extracting fans have also prevented the wind pressure exerting an 
unfavourable effect on their mechanical efficiency. The arrangement 
has proved suitable for all ages of birds kept on the Aoo'' a^id the 
quantities of ventilation and of heat can be simp y regu a e a one 

™"variatiom of this method have also been used for laying birds in 
batteries and for chicks in tier-broodew; the benefits 
probably even more important with birds kept in cages because they 
have no means of movement to avoid cold-air draughts. 
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ANTICHOLINESTERASE DRUGS IN THE FOWL 
W. G. Bowman 

Department of Pharmacology, School of Pharmacy, 

University of London, Brunswick Square, London, IV.C.i 

Synopsis 

Evidence is reviewed which indicates that the cholinesterase enzymes 
of the domestic fowl differ from those of mammals chiefly in their 
inability to combine with bisquaternary substrates and inhibitors. 
On the basis of this difference it is suggested that it may be possible to 
synthesise insecticides of the organo-phosphorus type which would be 
relatively harmless to poultry and possibly to other birds. 

Anticholinesterase Drugs 

Pharmacologists have long made use of certain avian ncrvc-muscIc 
preparations when studying the mechanism of action of neuromuscular 
blocking drugs. One such preparation is the sciatic ncrvc-gastrocncmius 
muscle of the anaesthetised domestic fowl (Brown and Harvey, 
tSSflu. Zaimis, 1959; Bowman, Callingham and Goldberg, 1961). 
Ginsborg (1960) has shown that a large proportion of the muscle fibres 
of this muscle arc multiply innervated so that the membranes of the 
individual muscle fibres contain a large number of motor end-plates. 
Such muscle fibres are therefore sensitive to chemical agents like 
acetylcholine over a large amount of their surface area. As a result 
these muscles respond to injected depolarising drugs by a quick con- 
traction ivhich is followed by a sustained non-propagated contracture. 
Fig. I illustrates an oscilloscope recording of the isometric tension and 
the clectromyogram of the fowl’s gastrocnemius muscle. An intra- 
venous injection of the depolarising drug carbolonium (imbrctil) caused 
a burst of propagated action potentials from the muscle accompanied by 
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a quick contraction. Propagated action potentials then disappeared 
but a sustained contracture of the muscle persisted. This charac- 
teristic contractural response of the fowl’s gastrocnemius muscle to 
depolarising drugs enables this type of drug to be readily distinguished 
The response does not occur in focally innervated muscles (innervated 
by only one branch of a nerve fibre) which include the majority ol 

mammalian muscles. _ 

Fig. 2 illustrates the use of the fowl gastrocnemius muscle prepara- 
tion when studying the mechanism of action of neuromuscular blocking 
drugs. Clinically useful neuromuscular blocking drugs may be divided 


CAT hen 



Fio. 2 . Cats and hens under intravenous chloralose anaesthesia. 
Maximal twitches of cat tibialis anterior muscles (left-hand panels) 
and hen gastrocnemius muscles (right-hand panels) elicited once 
every i o sec. by stimulation of the motor nerves. At Tc, tubocurarine 
was injected intravenously; 0*4 mg./kg. in the cat and 1 mg./kg. m 
the hen. At Dec, decamethonium was injected intravenously; 4® 

/ig./kg. in the cat and lO ^g./kg. in the hen. 

into two main groups — those, such as tubocurarine, which block the 
access of acetylcholine to its receptors, and those such as decamethonium 
which are depolarising drugs with an action resembling that of acetyl- 
choline itself, but which arc stable to cholinesterase. Both types produce 
a flaccid paralysis in the muscles of man and other mammals. The 
left-hand panels of Fig. 2 illustrate twitches of a cat limb muscle in 
response to motor ncr\'c stimulation. Both tubocurarine and deca- 
methonium caused neuromuscular block and, although their mechanisms 
of action arc entirely difTcrent, there is not a great deal of difTcrcncc 
between the pictures produced in the mammal. However, in the muscle 
of the fowl the difTcrence is immediately obvious. Tubocurarine, and 
drugs acting like it, produce a similar picture to that obtained in the 
mammal (upper right-hand panel of Fig. 2), but dccamctlionium and 
other depolarising drugs produce the characteristic spastic paml>'sis 
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already described (lower right-hand panel ofFig. 2). The avian muscle 
therefore provides a quick method for distinguishing between these two 
classes of blocking drugs. 

It was while studying the mechanism of action of benzoquinonium 
in this way (Bowman, 1958) that the first clue was obtained that the 
cholinesterase enzymes in the fowl differ from those in the mammal. 
Benzoquinonium is a neuromuscular blocking drug which, for a brief 
period, was used as an adjuvant to surgical anaesthesia in man. In 
the cat benzoquinonium produced a paralysis resembling that pro- 
duced by tubocurarine, but it differed from tubocurarine in one 
important respect which is illustrated in Fig. 3. The block produced by 
tubocurarine was readily antagonised by anticholinesterases, such as 
neostigmine (Fig. 3a) but that produced by benzoquinonium was not 
(Fig. gr). This was also so in man and was the main reason for dis- 
continuing its use. The recovery shown in Fig. 3c was simply the normal 
rate of recovery; it was not hastened by neostigmine. Lack of antagon- 
ism by anticholinesterase drugs is a characteristic of the depolarising 
type of blocking drug and it was therefore decided to study the effect 
ofbenzoquinonium in the fowl (Bowman, 1958), Benzoquinonium was 
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much more potent in the fowl than in the cat and there was no evidence 
of any depolarising aetivity. In fact, the bloek resembled that produced 
by tubocurarine and, surprisingly, it was well antagonised by neo- 
stigmine (Fig. 3a) unlike its action in the cat. In addition to its neuro- 
muscular blocking action, benzoquinonium was found in the cat and 
other mammals to possess considerable anticholinesterase activity 
(Hoppe, 1951; Blaber and Bowman, 19620). Its curare-like action is 
therefore sutRciently pronouneed for it to produce block in spite of its 
own anticholinesterase activity. The anticholinesterase activity of 
benzoquinonium provides an explanation of the inability of neostigmine 
to antagonise its neuromuscular blocking activity, since if the cholin- 
esterase is already inhibited by benzoquinonium itself, neostigmine 
would not be expected to exert any further effect. The fact that benzo- 
quinonium was a more powerful blocking agent in the fowl than in the 
cat, and that its action was readily antagonised by neostigmine sug- 
gested that benzoquinonium itself was without anticholinesterase 
activity in the fowl. 

In a subsequent study these observations with benzoquinonium 


CAT hen 



_1G. (^ts and hens under intravenous chloralosc anaesthesia. 

ctails as in Fig. a. At A, ambcnonlum and at M, methoxy-amben- 
onium injected directly into the arterial supply to the muscle; the 
numbers denote the doses in /ig. In the lower four paneb, neuro- 
muscular trammission was blocked with intravenous tubocurarine 
(o 4 mg. /kg. in the cats and 1 mg./kg. in the hens) before amben- 
onium or methorj-arnbenonium were injected. 
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were extended and the effects of other anticholinesterase drugs on the 
muscles of the cat and of the fowl were also examined (Blaber and 
Bowman, 1 962 A) . Two of the anticholinesterase drugs chosen for study 
were ambenonium and methoxyambenonium. Like benzoquinonium, 
these two drugs contain 2 quaternary nitrogen atoms (Fig. 7). 

4 (left-hand panels) illustrates that in the cat, ambenonium was 
highly active in potentiating muscle twitches elicited by motor nerve 
stimulation and in antagonising tubocurarine. Methoxyambenonium 
was also a powerful anti-curare agent. These effects are characteristic 



Fig. 5. Inhibition of muscle acetylcholinesterase from the cat and 
the hen by ambenonium (continuous curves) and methoxyamben- 
onium (broken curves). Acetylcholine chloride (0-0138 M) was 
used as substrate. 

of anticholinesterase drugs. In the fowl, on the other hand (Fig. 4, 
right-hand panels) the effects of ambenonium were very weak, and 
methoxyambenonium was completely without anti-curarc action. 
In fact, it slightly increased the tubocurarine block. The weak effects 
of ambenonium in the fowl illustrated in Fig. 4 (right-hand panels) were 
the maximal obtained in any experiment and any increase in the dose 
actually had the opposite effect and the contractions were depressed. 

Manometric studies with the Warburg apparatus were then carried 
out to determine the inhibiting activity of ambenonium and methoxy- 
ambenonium against the acetylcholinesterase in homogenates of cat 
and hen skeletal muscle. Fig- 5 illustrates the results obtained. The 
concentration of ambenonium necessary' to cause 50 per cent inhibition 
of the cat muscle enzyme was about 10”* Al. But the concentration 
necessary to cause the same amount of inhibition of tJic fo^vl muscle 
enzyme was much greater, around lo"*'* AI- That is, ambenonium 
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was over 3,000 times less potent against the enzyme from the hen than 
against that from the cat, and these in vitro results therefore supported 
those observed in vivo. 

In similar experiments with anticholinesterase drugs containing 
only one charged nitrogen atom, we found little difference between the 
cat and the fowl enzymes. These anticholinesterase drugs included 
neostigmine, physostigmine, edrophonium and pyridostigmine as well 
as several others. Fig. 6 illustrates experiments with neostigmine 
which serve to illustrate this point. Neostigmine potentiated the twitch 
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l lo. 6. (o) Inhibition of muscle acetylcholinesterase from the cat 
and the hen by neostigmine. Acetylcholine chloride {0-0138 M) 
was usctl as substrate. 

(A)^ Cats and hens under intravenous chloralosc anaesthesia. 
Details as in Fig. 2. At AVo, neostigmine was injected directly into 
the anerial supply to the muscles; the numerals denote the doses of 
neostigmine in ;ig. In the lower panels, neuromuscular transmission 
was fint blocked by tubocurarinc (0*3 mg./kg. In the Cat and O'B 
mg./kg. in the hen). 
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and antagonised tubocurarine in similar doses in both species (Fig. 6 i). 
Ihe curves plotted from manometric studies were similar. Fifty per 
cent inhibition of both enzymes being produced by concentrations of 
the order of jo-'^'^ M. (Fig. &,) Table i gives the relative anticholin- 
esterase activities of some of the compounds compared with neostigmine 
as standard. ^ Thus ambenonium was about 36 times more potent than 
neostigmine in the cat but 200 times less potent than neostigmine in the 
hen. Methoxyambenonium and benzoquinonium were about J 


as potent as neostigmine in the cat but only 
in the hen. 


6 00 100 0 potent 


TABLE I 

Relative anticholinesterase activities of some bisqualernary compounds compared 
with neostigmine, arbitrarily given ihe value 100. Results obtained using cat 
and hen skeletal muscle as the source of acetylcholinesterase, and acetylcholine 
chloride (0-0138 M) as substrate (from Blaber and Bowman, igSab) 



Cat 

Fowl 

Neostigmine 

too 

too 

Ambenonium 

3t^54 

05 

Methoxyambenonium 

22*3 

0-1 

Benzoq u in on i um 

st-6 

0*2 


It therefore seemed that the hen muscle enzyme differed from that 
in the mammal chiefly in that it could not combine with compounds 
possessing a quaternary nitrogen atoms, and this brought to mind an 
effect frequently observed during student demonstrations. Namely 
that the contractural response of the fowl muscle to the depolarising 
drug succinylcholine is as long-lasting as that produced by decametho- 
nium (Blaber and Boivman, 1962^). In man and in the cat, succinyl- 
choline produces a very short-lasting neuromuscular block compared to 
decamethonium because it is quickly hydrolysed by the pseudocholin- 
esterase of the plasma, Decamethonium is not inactivated in this tvay. 
The obvious explanation is that the bisqualernary substrate, succinyl- 
choline, like the bisquatemary inhibitors, cannot combine with the 
enzyme in the fowl and this was confirmed in manometric studies \\ ith 
cat and fowl plasma using succinylcholine as substrate. In similar 
experiments there was seen to be little difference between the abilities 
of the two types of plasma to hydrolyse the monoquatemary substrate 
acetylcholine, and these results therelbrc further supported the idea 
that both the true and the pseudocholinesterases of the fott'l combine to 
only a very small extent svith bisqualernary compounds. 

Subsequently, Blaber and Cuthbert (1962) made a detailed in.mio- 
metric study of the reaction of a wide variety of substrates and inhibitors 
with the cholinesterases from brain, gut, plasma and skeletal muscle 
of the fowl. They observed a number of minor differences beiu cen the 
mammalian and avian enzvmcs. TIic pscudocholincslerasc o I le 
fowl was a propionylcholinesferase with properties intermediate 
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between the true and pseudo-enzymes of the mammal. The true 
cholinesterase of the fowl was an acetylcholinesterase with properties 
on the whole similar to its mammalian counterpart. Blaber and 
Cuthbert confirmed, for all tissues, the prime difference concerning the 
inactivity of bisquaternaries and added another to the list. This 
was the compound 62C47 (Fig. 7), a specific inhibitor of the 
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acetylcholinesterase present in rat brain (Fulton and Mogey, I954 )j 
found to be almost inactive in the chicken. 

The fact that the bisquatemary compounds were inactive m the 
fowl while the potencies of those containing only one nitrogen were 
found to be of the same order in both species suggests that there may be 
differences in the position of the active sites on the two types o en^nic. 
Analysis (for references see Cohen and Oosterbaan, 1963) 0 t e 
molecular forces acting on acetylcholinesterase carried out with a large 
number of substrates and inhibitors, has shown that the active surlace 
of the enzyme has two functionally and spatially separated subsites 
an anionic and an esteratic site (Fig. 8). The anionic site attracts the 
cationic head of the substrate by coulombic and van der Vaal s torces. 



The esteratic site carries out 

basic or nucleophylic group, the substrate. It 

the elcctrophylic carbon of the i„^,.br)Iincstcrasc molecule there 

has also been shown that on the acetylcholine (Michel 

may be as many as 48 different two quaternar>' 
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clearly both types of , oline. The diagram ■> proh.ih i 

such as neostigmine and acciylclioime. 
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oversimplified and may be only one of several possible arrangements. 
Kevertheless, it does give an explanation which fits the facts and serves 
as a model, the accuracy of which might be tested by synthesising and 
studying a variety of bisquaternaries of all types. 

The possible importance of the fact that there is a difference in the 
two types of enzyme may be as follows. The commonly used insecticides 
are anticholinesterases of the irreversible organo-phosphorus type and 
these are highly toxic not only to insect life but also to other forms 


Mammal 


Fowl 



Fio. g. Diagram illustrating a possible difference between the 
arrangement of the active sites on mammalian and fowl cholines- 
terase. 


which they kill because of their ability both to cause an acute increase 
in the levels of acetylcholine in the central nervous system and to cause 
a chronic demyclination of nerve fibres. Whatever the lethal effect in 
insects is due to, the fact remains that high insecticide activity is 
associated with potent anticholinesterase activity in the mammal. 
Since there is this difference in the enzymes it might well be possible 
for organic chemists to synthesise a molecule, not necessarily a bis- 
quaternary, which would be a potent anticholinesterase in the mammal 
and a powerful insecticide but relatively harmless to poultry. Further- 
more, if the characteristics of the fowl cholinesterase turn out to be true 
for other avian species, such a compound should also be relatively 
harmless to wild bird life and may do sometliing to quell some of the 
criticism of the use of this type of insecticide which is prevalent at the 
moment. At least one bisquatemary organo-phosphorus compound 
has been sj-nthesised (Fig. lo). It is a po^vcrful anticholinesterase in 
the mammal (Hazaard, Chcymol, Chabricr and Carayon-Gcntil, igSw 
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but its potency in the fowl and as an insecticide is not known. Insects 
are known to be resistant to the lethal effects of quaternary compounds, 
possibly because the insect nervous system is protected by a lipoidal 
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Fig. 10. A bisquatemary organo-phosphorus anticholinesterase. 

barrier which retards the penetration of ionised 
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Synopsis 

Responses op isolated preparations of the 

chicks to parasympathetic nerve stimulation an o mam- 

described These tissues were found to be 

malian smooth muscles in their reaction to j • action 

and they provide useful isolated 

of drugs and for student practical classes. jp^^nbed Owing to 
the crop for the assay of 5:hydroxytryptamine ^ 
seasonal variations in sensitivity, this prep 
only during the summer months. 

Introduction 

This paper describes the effects ™erophagus and crop 

sympathetically innervated P‘'®P“''® ' ^ chick crop for the biological 
of chicks, and the use of a f t^.ions^havc been briefly 

assay of 5-hydroxytryptamine. p,,crett'^i 964 ; Everett, 1964). 
described elsewhere (Bowman a » 

Materials aMc^^^ 6 da>, alter hatching 
Male chicks (Silver L?*') 
were starved overnight and 1 

Oesophagus , „.i,h that preriously described (Bowman 

The method was identical ' Phove the crop was removed 

and Everett, 1964)- °“r^c',™nfcand theadheringjugninrvem, 

together with the right gassed with 5 

and suspended in Krebs s central end of the nrnc . 

carbon dioxide in •'’‘A'ipum stimulating elect^les of the type 

passed through siibmerg R‘, -go). Contractions of the orsop 1. , 

described by Bum and Ranu t J 
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were elicited by stimulation of the nerve with rectangular shocks of 
o-=t msec, duration. The strength of the _shocks_ was such that the 
contractions for a given frequency of stimulation were maxima. 
The contractions were recorded on smoked paper by means ot an 

isotonic frontal writing lever, . „ 1. . „ „„ 

In some experiments stimulation was applied coaxially between an 
electrode (the anode) in the lumen and a second electrode (the cathode) 
in the external fluid. This type of stimulation^ has been shown m 
guinea-pig ileum to stimulate post-ganglionic cholinergic nerve endings 
preferentially (Paton, 1955), In the chick oesophagus both P^-e- and 
post-ganglionic fibres were excited by this type of stimulation, and the 
ganglion blocking drug hexamethonium (4 /xg./ml.) was therefore 
added to the reservoir of Krebs’s solution to restrict the effective 
stimulation to the post-ganglionic fibres. Stimuli of 0-5 msec, duration 
and supramaximal strength were used to excite the oesophagus co- 
axially. 


Whole Crop. 

Activity of the crop was recorded by ligating the upper end at its 
junction with the oesophagus, and tying the opening into the lower 
oesophagus over a tube connected to a manometer filled with Krebs s 
solution. The crop was immersed in a 100 ml. bath ofKrebs’s solution 
at 32®C. and gassed with 95 per cent O2 and 5 per cent CO2. The 
attached right vagus nerve was stimulated as in the experiments on 
the oesophagus. Before studying the effects of drugs or of nerve 
stimulation the manometer was raised sufficiently to expand the crop 
greatly but not enough to increase the internal pressure. Volume 
changes in the expanded crop were recorded on smoked paper by 
means of a floating pointer in the manometer. 

Assay of J-HT 

A transverse strip about 4 mm, wide was cut from each opened crop 
taking great care not to stretch the tissue. The strip was suspended in a 
1 ml. bath ofKrebs’s solution bubbled with 95 per cent Q^jUnd 5 percent 
COg at room temperature {i9-22®C.) as previously described (Everett, 
1964). Contractions in response to standard and test doses of 5* 
hydroxytry'ptaminc were recorded on smoked paper. 

Tiic composition of the Krebs’s solution used in these experiments 
was as follows: g./l., NaCl 6-95, KCl 0-34, CaCIg 0-28, KH2PO4 0-162, 
MgSO^ 0-294, NallGOg 2*i,dcxtrosc2. 


Experimental results 

Even at the relatively low temperature of 32°C. the oesophagus 
preparations occasionally exhibited spontaneous pendular movements. 
As in other species, these movements appeared to be myogenic m 
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origin and independent of functional nervous tissue. They were 
unaffected by antagonists of acetylcholine, histamine and 5-hydroxy 
tryptamine, and by anticholinesterase drugs. They were still present 
on rewarming the tissue to 39°C. after storing it at 2-4 . 7® 

although responses to nerve stimulation were abolished by this treat- 
ment. Regular stimulation of the nerve for periods of 1 0 sec. every ^ min . 
inhibited and usually completely abolished any spontaneous pen u a 
movements of the oesophagus. On stopping the stimulation, the spo - 
taneous activity usually gradually returned. 

The prepamtion of the oesophagus behaved m a q^t.vel^ 
similar way to mammalian smooth muscle prepara ^ rlnii?'; and 
to acetylcholine and related drugs, to adrenaline and dru|and 

to histamine and 5-hydroxytryptamine. ° „ratmesome 

were blocked by the appropriate antagonists. % n and 

of these drug effects have been previously published 
Everett, 1964). Fig. i illustrates responses Atropine 

acetylcholine, carbachol atropine P ,7 j abolished the 

(o-oi pg./ml.), added to the reservoir of Kreb s solu_^^ carbachol. 
responses to nerve stimulation and those to ac y 
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Physostigmine (o'2 fig./ml.), added in the continued presence of atro- 
pine, restored and potentiated the responses to nerve stimulation and 
to acetylcholine, but the responses to carbachol (which is stable to 
cholinesterase) remained blocked even after washing the tissue. Clearly 
the antagonistic action of physostigmine against atropine caimot be 
explained on the basis of acetylcholine accumulating in the presence 
of the anticholinesterase and displacing atropine from receptors, as, 
carbachol remained blocked. The best explanation appears to be that, 
by inhibiting cholinesterase, physostigmine markedly increased the 
activity of acetylcholine in relation to carbachol, thereby allowing it to 
combine with those receptors which were not blocked by atropine. 

Neostigmine (0-2 jrg./ml.) produced effects similar to those of 
physostigmine except that it was more active in potentiating responses 
to nerve stimulation than to applied acetylcholine. This might be 
because potentiation of nerve stimulation depends on inhibition of true 
cholinesterase, while potentiation of applied acetylcholine may involve 
inhibition of pseudocholinesterase. Both physostigmine and neo- 
stigmine are known to inhibit both types of enzyme but neostigmine 
may be more selective for the true cholinesterase. Edrophonium, an 
anticholinesterase drug which is most active at the neuromuscular 
junction in striated muscle, was without effect, in concentrations up to 
50 pg./ml., on the responses of the oesophagus to nerve stimulation 
and to acetylcholine. The bisquatemary anticholinesterase ambeno- 
nium was also without effect on the chick oesophagus in concentrations 
up to 50 pg./ml., supporting the suggestion (Blaber and Bowman, 
1962; Bowman, 1965) that the cholinesterases of this species cannot 
combine with bisquaternaries. 

Similar effects to those described above with acetylcholine, carbachol 
atropine and the anticholinesterase drugs were obtained when the 
oesophagus was stimulated coaxially in the presence of hexamethonium. 

The oesophagus contracted in response to the ganglion stimulant 
drugs, nicotine (5 pg./ml.), tetramcthylammonium (5 /xg./ml.) and 
dimethylphenylpipcrazinium (DMPP, 2 ;xg./ml.) and these responses, 
.as well as those to nerve stimulation, were depressed by the ganglion 
blocking drugs hexamethonium (2-4 pg./ml.), mccamylaminc (t'O 
pg./ml.) and pcmpidinc (i-o pg./ml.) (Bowman and Everett, 1964). 
The anticholinesterase drugs physostigmine and neostigmine restored 
the ncive-evoked contractions which had been depressed by hexa- 
methonium, mccamylaminc or pcmpidinc. When ganglion block sv.is 
produced by hexamethonium, as in Fig. 20, the anticholinesterase drugs 
also restored contractions produced by the ganglion stimulant drugs. 
Fig. 20 illustrates tliis effect of physostigmine and DMPP. However, 
when mccamylaminc or pcmpidinc were the ganglion blocking agents 
used, the anticholinesterase drugs did not restore responses to the 
ganglion stimulant drugs. Fig. 2i illustrates the effects of mccamy- 
laminc, phj-sostigminc and DMPP. These results clearly demonstrate a 
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difference between the mechanisms of action of hexamethonium on the 
one hand, and mecamylamine and pempidme on the other, ^hhoug 
precisely what the difference is has not yet been determined. At least 
Lo cholinergic junctions appear to be involved m contractions of he 
oesophagus evoked by vagus stimulation— the vagal ganglia and the 
neuro-effector junction— and the experiments give no information as 
to whether the effect of the anticholinesterase drugs in conjunction 
with ganglion blocking drugs is exerted at one or at both of these 

^ Hemicholinium, which has been shown to inhibit the synthesis 
of acetylcholine by mammalian nervous tissue (Schueler, igbo), 
depressed the contractions of the oesophagus evoked by nerve stimula- 
tion in concentrations of 5-10 /ig./ml., and the contractions 
characteristically restored by the addition of choline (50 fig-imL), 
Pig. 3 illustrates the effects of hemicholinium. The first panel of Fig. 3 
shows control responses to acetylcholine and to nicotine. At the height 
of the transmission failure produced by hemicholinium, the response to 
acetylcholine was reduced by about 40 per cent while the response to 
nicotine was completely abolished. The relatively small depression in 
acetylcholine response may reflect a weak atropine-like action of hemi- 
cholinium, or may simply be due to fall-off of response with time. The 
complete block of the response to nicotine might be due to a ganglion 
blocking action of hemicholinium of the competitive type, but this is 
unlikely as hemicholinium was more effective than hexamethonium in 
blocking contractions to nerve stimulation. Furthermore choline, 
added in the continued presence of hemicholinium, restored both the 
contractions produced by nerve stimulation and those produced by 
nicotine, and these are characteristic responses occurring in the presence 
of a drug which inhibits acetylcholine synthesis. It therefore appears 
that the abolition of the response to nicotine can be explained by hemi- 
cholinium inhibiting acetylcholine synthesis at post-ganglionic cholin- 
ergic nerve endings. Apart from the first one, choline did not increase 
responses to acetylcholine. Potentiation of the first response to acetyl- 
choline after the addition of choline has also been observed inmammahan 
skeletal muscle (Bowman and Rand, 1961). Similar results with hemi- 
cholinium, acetylcholine and nerve stimulation were obtained when the 
oesophagus was stimulated coaxially in the presence of hexamethonium, 
confirming that hemicholinium causes transmission failure at post- 
ganglionic nerve endings, in addition to its probable similar action at 
ganglionic synapses. As at other cholinergic junctions, transmission 
failure produced by hemicholinium was more pronounced and more 
rapid in onset, the higher the frequency of stimulation. 

Morphine (i /ig./ml.), which has been shown to inhibit the release 
of acetylcholine from post-ganglionic cholinergic nerve endings m 
the guinea-pig ileum (Paton, 1957), also depressed contractions of the 
chick oesophagus evoked by ncr\'c stimulation or by coaxial stimulation. 
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Responses to added acetylcholine were not depressed by morphine 
confirming that the effect of morphine was exerted on nervous structures 
rather than on the smooth muscle itself. 

The chick gut has been shown to contain 5-hydroxytryptaminc 
(Erspamer, 1954), and this amine was found to be highly potent in 
producing contractions of the oesophagus. Effective concentrations 
of 5-HT were of the order of 2-5 nanog./ml. and the contractions were 
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completely abolished in the presence of bromolysergic acid diethylamide 
(i fig./mh), a specific antagonist of 5-HT. It has been suggested (Day 
and Vane, 1963; Brownlee and Johnson, 1963; Johnson, 1964) that 
5-HT acts indirectly in mammalian gut through the. release of acetyl- 
choline from nervous structures. This could not be confirmed for the 
chick oesophagus; atropine, an antagonist of acetylcholine, and mor- 
phine, which prevents the release of acetylcholine from nervous 
structures, had little effect on the responses to 5-HT. It therefore 
appears that in chick oesophagus 5-HT acts mainly by a direct action on 
the smooth muscle. It has been postulated that in the guinea-pig. 



■1C. 4. Partially expanded iaolated crop. Tile white dots mark 
rrapomes to nerve stimulation (5/sec. for 10 sec., every 2 min. except 
w icn acetylcholine or nicotine were added). At A, acetylcholine 
(0*1 pi»./ml.) and at N, nicotine (10 pg./ml.) were added to the bath, 
t ic lirst dose of each being left in contact with the tissue for 30 sec. 
‘ ti tr, atropine (o'o I pg./ml.) andatC„hexamethonium (4 /tg./ml.) 
Merc added to the bath; each was waslietl out at tV. 
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5-HT plays a part in the initiation and control of peristaltic activity 
of the gut (Biilbring and Lin, 1958; Biilbring and Crema, 19593 and i). 
In view of the presence of 5-HT in the chick gut and its high potency, 
it may be that the amine also plays a role in gut activity in this species 
and experiments are being designed to test this possibility. 

The oesophagus also contracted strongly in response to histamine 
(O-I-0-5 2nd these responses were blocked by the antihistamic 

mepyramine (o-oi pg./ml.). The potency of histamine was found to be 
considerably less during the winter months. 
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Crop. 

Experiments on the crop showed that it responded to pharma- 
cological agents ahd to nerve stimulation in a similar way to the upper 
oesophagus, and Figs. and 5 illustrate some typical responses. Fig. 4a 






T = 35-3pg/ml 

(89 0B-112-3:.) 
true value of T = 32pg/n»l 


= 0 053 
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illustrates the effect of atropine in blocking contractions of the crop 
produced by nerve stimulation and by added acetylcholine, and Fig. 4^ 
illustrates the effects of hexamethonium in blocking contractions pro- 
duced by nicotine and depressing those produced by nerve stimulation. 
The expanded crops occasionally contracted spontaneously, and a 
spontaneous contraction is illustrated in Fig. ji. Fig. 5 1 ustrates 
responses of the crop to sympathomimetic amines and the effects of 
both a- and ^-receptor anti-adrenaline drugs. (—) -adrenaline, - 
noradrenaline and )-isopropylnoradrcnalme caused dilatation of the 
partially expanded crop, adrenaline and tsopr^ylnoradrenalme be ng 
about equi-potent and noradrenaline less so. The a-receptor blocking 
drug phentolamine reduced but did not abolish responses to adrenabne 
and noradrenaline and was mthout effect on 
noradrenaline. The ) 3 -receptor blocking drug 

responses to adrenaline "oradrenahne and abohshed those 

isopropylnoradrenaline. A mixture of bot oc i g • j},g 

Everett, 1964). 

Assay of y-hydroxytryptamine 

During the months of May Jo starved 

Sw^e^urrrir^^ penod tojevelop a 

assay for this amine (Everett, .964)- sensitive and responded 

out in this way. Some strips '-re even morjse^ 

to io->^ g./ml. (I ofS-HJ probably in other 

assay of 5-HT in unne and p presence of sudicient 

body fluii also. It can oj mjhe p 

atropine and mepyraminc ,,inn is in any case inscnsitue to 

histamine selectively, and the preparation is m a > 

bradykinin. . = HT in Krebs’ solution rapidly loose actnUS 

Weak solutions of 5-HT m t^reo solutions in shghtls 

and it may be necessary to m“hc up J contained in 01 ml. 

acid distilled water so that 01 ml. of standard or 

Immediately before addition to P^, .^„d the total s olume 

test solution is added to o-g ml. o 

of i ml. is then applied to the ^ ,|ie sensitivity of the crop 

During the autumn and winter p, cember and Janimn some 

to 5-HT diminished markjly; ^ f cesixmded only 

preparations were complctel) 
weakly to concentrations as high . S 



SALLY D. EVERETT 


S>72 

Discussion 

Although dearly more information is necessary, the preliminary 
pharmacological experiments described suggest that the innervation of 
the chick oesophagus and crop is essentially similar to that of the 
mammalian alimentary canal and that the same neurotransmitters are 
involved. 

The two main points arising from this work are as follows. Firstly, 
the oesophagus preparation described provides a useful isolated tissue 
for studying the action of drugs, both for research \vorkers and for 
undergraduate students. Its particular advantages for student classes 
lie in the ease of setting it up, the clear-cut nature of its responses and 
its cheapness. It has already been incorporated into our practical 
classes and we are finding it successful. Preparations taken from birds 
older than 7 days are less useful. Rand and Stafford (1964) studied 
oesophagus preparations from various adult species including the 
domestic fowl which responded relatively poorly to drugs and only to 
high concentrations which were then difficult to wash out. They 
attributed this to a dense connective tissue barrier which retarded 
diffusion. Preparations from chicks under 7 days old are relatively 
free from connective tissues. Secondly, during the summer months, 
the crop strip provides a useful assay preparation for 5-HT which is 
more sensitive and easier to set up than other available methods. 
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PHARMACOLOGICAL RESPONSES OF THE 
SMOOTH MUSCLE OF THE CHICK AMNION 

A. W. Guthbert 

University Department of Pharmacology^ Cambridge 
Synopsis 

Evidence is presented to show that the increased muscular activity 
of the amnion resulting from the application of the cholinesterase 
inhibitor, eserine, results from the accumulation of endogenous acetyl- 
choline within the smooth muscle layer. The cross-figures are considered 
to be the sites for the most intense production of endogenous acetyl- 
choline and the sites from which spontaneous contractions arise. Thus 
the cross-figures act as pacemakers for myogenic amniotic activity. It 
seems probable that the endogenous acetylcholine does not act at the 
muscarinic receptors in the cell membrane which are available to 
externally applied acetylcholine. A possible intracellular mode of 
action for endogenous acetylcholine is suggested. 

Introduction 

In this paper the actions of some drugs, mainly anticholinesterases, 
on the smooth muscle of the chick amnion are considered. Results from 
this pharmacological study suggest a chemical basis for the spontaneous 
mechanical activity exhibited by this extra embryonic structure. Before 
the results ivith anticholinesterase drugs are discussed it is necessary first 
to review the structure and functioning of the amnion together with the 
distribution of the enzyme cholinesterase within the amniotic membrane. 

Experimental 

Structure and Function of the Amnion 

The amniotic membrane forms a temporary living appendage to the 
developing chick embryo and consists, at least in the early stages, of tivo 
single layers of cells. The inner layer of epithelial cells arc derived from 
ectoderm, whereas the outer single layer of smooth muscle cells is of 
mesodermal origin. It is this layer of smooth muscle cells which endows 
the amnion with its ability to contract spontaneously and so prevent 
adhesions forming during the c.arly stages of embiyonic development. 
The frequency of the spontaneous contractions varies during incubation 

•74 
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Synopsis 

Evidence is presented to show that the increased muscular activity 
of the amnion resulting from the application of the cholinesterase 
inhibitor, eserine, results from the accumulation of endogenous acetyl- 
choline within the smooth muscle layer. The cross-figures are considered 
to be the sites for the most intense production of endogenous acetyl- 
choline and the sites from which spontaneous contractions arise. Thus 
the cross-figures act as pacemakers for myogenic amniotic activity. It 
seems probable that the endogenous acetylcholine does not act at the 
muscarinic receptors in the cell membrane which are available to 
externally applied acetylcholine. A possible intracellular mode of 
action for endogenous acetylcholine is suggested. 

Introduction 

In this paper the actions of some drugs, mainly anticholinesterases, 
on the smooth muscle of the chick amnion arc considered. Results from 
this pharmacological study suggest a chemical basis for the spontaneous 
mechanical activity exhibited by this extra embryonic structure. Before 
the results with anticholinesterase drugs are discussed it is necessary first 
to review the structure and functioning of the amnion together with the 
distribution of the enzyme cholinesterase within the amniotic membrane. 

Experimental 

Structure and Function of the Amnion 

The amniotic membrane forms a temporary living appendage to the 
developing chick embryo and consists, at least in the early stages, of two 
single layers of cells. The inner layer of epithelial cells are derived from 
ectoderm, whereas the outer single layer of smooth muscle cells is of 
mesodermal origin. It is this layer of smooth muscle cells which endows 
the amnion with its ability to contract spontaneously and so prevent 
adhesions forming during the early stages of embryonic development. 
The frequency of the spontaneous contractions varies during incubation 
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Synopsis 

Evidence is presented to show that the increased muscular activity 
of the amnion resulting from the application of the cholinesterase 
inhibitor, eserine, results from the accumulation of endogenous acetyl- 
choline within the smooth muscle layer. The cross-figures are considered 
to be the sites for the most intense production of endogenous acetyl- 
choline and the sites from which spontaneous contractions arise. Thus 
the cross-figures act as pacemakers for myogenic amniotic activity. It 
seems probable that the endogenous acetylcholine does not act at the 
muscarinic receptors in the cell membrane which are available to 
externally applied acetylcholine, A possible intracellular mode of 
action for endogenous acetylcholine is suggested. 


Introduction 

In this paper the actions of some drugs, mainly anticholinesterases, 
on the smooth muscle of the chick amnion are considered. Results from 
this pharmacological study suggest a chemical basis for the spontaneous 
mechanical activity exhibited by this extra embryonic structure. Before 
the results with anticholinesterase drugs are discussed it is necessary first 
to review the structure and functioning of the amnion together with the 
distribution of the enzyme cholinesterase within the amniotic membrane. 


Experimental 

Structure and Function of the Amnion 

The amniotic membrane forms a temporary living appendage to the 
developing chick embryo and consists, at least in the early stages, of two 
single layers of cells. The inner layer of epithelial cells arc derived 
ectoderm, whereas the outer single layer of smooth muscle cells is ol 
mesodermal origin. It is this layer of smooth muscle cells which endows 
the amnion with its ability to contract spontaneously and so prevent 
adhesions forming during the early stages of embryonic development. 
The frequency of the spontaneous contractions varies during incubation 
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as was shown by Kuo (1932). Spontaneous activity appears first at 
about 4 days, is maximal around lo-i i days and falls to zero, or a ow 

value, after 2 weeks. . , . , , ,, 

The arrangement of the smooth muscle fibres svithm t e meso 
layer is unusual. Some fibres are arranged in bands ^ 

from the umbilicus, whereas on the dorsal aspect o e 
sac double-layered sta.^ or crosses of smooth muscle eefis are 
seen. These will be referred to throughout as 
illustrated in Plate 17. The distribution of 

deseribed by Bautzmann and Schroder (1953)- ^ ^ 

on the dorsll aspect of the sac with loea eoneen— 

tail-fold regions. There is a remarkab onnntaneous activity 

formation and distribution of cross-figures and the sp 

of the amnion. 

(ii) Cross-figures appear first at 4 <3 y , 

tancous activity commences. hpad-fold region, then 

(ii) Cross-figures arc most usually arise at the 

at the tail-fold. Spontaneous occasional contractions 

head-fold and pass caudally, f ^“"^^^/“Xetion. 

arise at the tail-fold and pass ’".‘^’^Xe^st'at 10 days, whereas 

(iii) The density of the ‘'■'““^fXcrosf-figures have disappeared 

by 14 days almost all th correspond with 

(Clements and Ferguson, 1951)- ajion of activity 

ihe times of maximal activity and 

respectively. cross-figures acted 

As long ago as 1908, ,5,^ same way as djd mid“' 

as pacemakers for the ’ ,v action potentials recorde r 

tissue in the heart. In the the ventricle in that the 

nodal tissue differ from X%f7ow depolarisation, the P-POtential 

former show an initial ,jke tLe of cardiac tissue are of the 

Action potentials from t e a ^ defined prepotentia ( j j ’ 

plateau type and to know if amnion action potentials 

^964). It would be forded only from aerve 

showing a Ptepotentml weto JTCOrd bv Evam and 

Histological studies by many recent study by Evam 

fibres in amnion smooth muscle^ ^j.^^cope ‘^co^ctil- 

Evans (1964) using Thus the effects of dru^ j^ 

innervation in this structure jn ^ t on the smooth 

traL'^ rrrtod^rro^^ a nervous mechanism. 

The h^tochemica^ ^ Koclla ( 95 J 

be demonstrated by enn ,„cubatca 

(.958). In both methods tne 
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is hydrolysed by the enzyme and one product of the hydrolysis is 
visualised by forming a coloured compound with suitable reagents. 
Acetylthiocholine and butyrylthiocholine have been used as substrates 
using the Koelle technique. The resulting thiocholine is visualised by 
forming a copper complex and converting the latter to black copper 
sulphide. With the Lewis method the substrate is a-naphthyl 
acetate. The resulting a-naphthol is diazotised to give a red brown 
azo-dye. Suitable cholinesterase inhibitors were used with each 
method to check that the stairung reaction did not occur when the 
hydrolysis of the substrate by the enzyme was prevented. 

Cholinesterase distribution in the amnion has the following charac- 
teristics (Cuthbert, 1963): 

(i) the enzyme is confined to the smooth muscle layer, the epi- 
thelial cells failing to show any staining reaction; 

(ii) the enzyme appears to be located intracellularly; 

(hi) the cross-figures show the greatest density of staining, indieative 
of a higher concentration of enzyme within these regions; 

(iv) in young membranes (6 days’ incubation) only the cross-figures 
exhibit the stain; 

(v) at the time when the cross-figures are most numerous (9-10 
days) they become interwoven and intereonnected with bands 
of muscle fibres; these bands also show a greater density of stain 
than the surrounding muscle sheet. 

Discussion 

Does the cholinesterase of the amnion have a physiological role? 
Other examples, such as the neuromuscular junction in skeletal muscle, 
are known where cholinesterase occurs in high concentration and plays 
a physiological role in the removal of acetylcholine. Acetylcholine can 
be detected in extracts of amnion tissue (Cuthbert, 1963) and must be 
derived from either the epithelial or muscular tissue as nervous elements 
are absent. In 1956, Jones, Fcatherstone and Bonting reported that 
chick embryo intestine grown in tissue culture in the presence of 
acetylcholine produced more cholinesterase than in the absence of 
acetylcholine. Thus the substrate induced the formation of enzyme. 
The enzyme of the chick intestine is identieal with that of the amnion 
(Blabcr and Cuthbert, 1962). It is suggested that the phenomenon 
reported by Jones et al. (1956) is operative in the amnion and that the 
greater concentration of cholinesterase in the cross-figures results from 
a greater concentration of endogenous acetylcholine. In the next 
section the case for the involvement of acetylcholine in the generation of 
spontaneous mechanical activity is made. 

The Actions of Anticholinesterases 

Anticholinesterase drugs, by inhibiting the cholinesterase, should 
allow the accumulation of endogenous acetylcholine. The latter, in 
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turn, should increase the myogenic activity. This argument is valid 
only if the anticholinesterase drugs themselves can be shown to exert 
no direct stimulant action on the amnion smooth muscle. 

Some characteristics of the responses of the g 

esterases are as follows and summarise two reports y u 

I) The amnion responds to the 

but not to neostigmine. The former drug § . . 

amine is able to penetrate the cell 

intracellular cholinesterase, tvhere^ the 7 fj^ine 

neostigmine, is unable to do this_. esenne and neo^ 

„e e,T.ny cfT.cfc » ‘“l " 

amnion homogenate. Th^e resu 5,,„pest that if 

mentary to the histochemical . o/Ldogenous 

eserine acts by allowing the jj larly. Normally 

acetylcholine then ‘h- “0^3 neoLgmi ivill 
in avian smooth muscle bo . stimulation 

potentiate the choliiSsterase is extracellular 

indicating that at least part of amnion smooth 

(see Everett, 1966). It “‘ided with the eholin- 

muscle, which is not extracellular cholinesterase, 

ergic transmitter, does not . jj,;pafox produce 

Two irreversible anticholinesterMes ^g^stigmine 

results like ^ose obtained with p e- 

respectively. Again only i although both compounds 

trates the cell membrane jnst the isolated enzyme, 

are equipotent anticholm^tera spontaneous activity 

(ii) Old membranes (16-17 although they do so to 

has ceased, fail to respond „ross-fi^res have disappear 
acetylcholine, this time (ylcholine production las 

and presumably ferine on old membrane^ m 

ceased. The lack of effect to acetylcholine 

which the musculature [“^ly. -hu. 

suggests that eserine do- has been iueve.ibb 

(iii) Membranes in which th further to esennc. Th g 

inhibited by DFP fail to ;;“P«"^Xct of eserine. 
demonstrates the lack o raturc dependent .as a 

(iv) The response to eserine P response a t 

spontaneous contractions. ^ both arc 

spontaneous activity disapp^ arc ’’uJc dependent 

upon the production of cnuog 

processes. . . jjQt blocked by the 

(v) The response to esermc .pbis sugges 

that to acetylcholine is 
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muscarinic acetylcholine receptors in the cell membrane, which 
are available to externally applied acetylcholine,^ are not 
available to "endogenous acetylcholine. One possibility is that 
endogenous acetylcholine may trigger activity by liberating 
calcium from some bound form within the cell. Calcium is 
known to be involved in excitation contraction coupling and 
the response of the amnion to eserine is calcium dependent. 

The results presented in this paper contain many assumptions and 

some of the data may be capable of alternative explanation, but this 

author feels there is sufficient evidence to involve acetylcholine in the 

spontaneous activity of the smooth muscle of the chick amnion. 
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Synopsis 

The ability of guanethidine to deplete the Xck 

in the brain of the young chick is ses until the drug is 

increases, the potency of the guanethidin 
no longer active, suggesting that a barrier 

may have developed. . , ,.,a] catecholamine 

The proportion of adrenaline present in . jj ,^,35 found 

content of the chick hearts and brains is a so ® jj^n tissues. An 

to be much higher than in corresponding ma j^^^rts, brains 

attempt is made to correlate the ^ jgtion ofthc adrenaline 

and adrenal glands with their weights. P guanethidine is also 

and nor-adrenaline contents of hearts and r 

studied. . , , . sympathetic transmitter 

The possibility that adrenaline cou 
in the chicken is discussed. 

Introduction ^lood. 

It has been knosvn for some time ^ jctcly developed. 
brain barrier to certain substances is in j. uptake of labelled c i o 

been shown (Waelseh, 1955) 'hat 

into ehiek brain is considerably slowc ,],at sympatl'on’'^j^ 

hatehing and Key and Marley (19 -) ypung chicks fad 
amines Ihich produce E-E-G. arousal m you g „ 

after they are about a 8 days old. chick 

venous injection of adrenaline into the yomie conip-arable st.itc m 
resembling sleep (Zaimis, -960). E-' '? (rrh>'>rr 9 

the mammal requires i^traventneu . j,3rr,rr m ^ 

wood. .954). irtldspermeabihtyoftlwbl-^^^ a 'i-mt -f.d 
chick were a general phenomen CNS- * ‘ 

investigating the cfTccts ° ncthitHnc also ha* ^ ’ 

rcncrgic neurone blocking <irug S' * 
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depleting mammalian peripheral tissues of their catecholamine content, 
but it does not alter the amine content of the brain or adrenal medulla. 
This difference as regards the brain has been attributed to the inability 
of guanethidine to pass the blood-brain barrier. It was decided to test 
this using the chick. 

ResuUs and discussion 

In these, and all subsequent experiments male chicks of the New 
Silver Link strain were used. The results we obtained are shown 
graphically in Fig. I. 



Days after hatching 

Fio. 1. Effect of guanethidine (loo mg./kg. s.c.) on chicken brain 
catecholamine concentration expressed as nor-adrcnaline at various 
times after hatching. 

Vertical bars: standard error. 

Broken lines: standard error of control mean. 


A single dose of guanethidine, lo mg./kg. ivas injected s.c. into 
chicks at various times after hatching and the animals killed by decapita- 
tion i8 hr. later. The brains were removed and assayed fluorimctric- 
ally for catecholamine content in terms of aor-adrenalinc. Guancthi- 
dinc induced a depletion of the amine up to 5 days, but between 
5 and 7 days there was an abrupt change, the depiction being abolished. 
Hearts taken from these animals were still depleted at 21 days so this 
change is presumably due to the establishment of a blood-brain barrier 
to the drug. It is of interest that the time at which tliis change occurs 
is not constant; it may be any time between i and 4 weeks after hatch- 
ing. Rcscrpinc is another drug which depletes tissue amines and is 
much more potent in this respect than guanethidine. Hoivcvcr, for a 
given dose of rcscrpinc in mammals the brain and the adrenal glands 
arc less affected than are other catecholamine containing tissues. 
Collins in our laboratoiy using single small doses of rcscrpinc (0-5 
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mg./kg.) in chicks at various times after hatching and assaying the 
brains and adrenal glands found the pattern shown in Fig 2. The 50 
per cent depletion of brain amines produced up to 10 days by rcserpine 
is abolished in the older chicks although at this time there is a 77 per 
cent depletion in the heart. This suggests that the relative resistance of 
mamma^lian brain amines to reserpine-indueed depletion is due to some 
interference by the blood-brain barrier ivith the . 

the brain, rather than to a greater " " 

catecholamine stores. In fact, in young chicks the brain and heart 



■ / /lt<r s c i on chicken brain and 

Fig. a. Effect of reserpme (0-5 mg-/Kg. • v hatching, 

adrenal catecholamine concentratton at various t.m 

HaUhtd columns: noradrenaline L adrenal glands. 

Open columns: adrenaline * d„„aline in brain. 

Closed columns: total amine 

VeeHcal bnrs: standard error of the mean. 

' i e the stores, zit Icflst 
equally affected by the same *^^Ho*\vev'er, it is also interesting 

at this stage, are equally suscep i • „ of the brain, there 

that the degree of adrena depletion reflects m 

being very much less depletion m relative resistance of the 

possible explanations for this, r y formation of some “rt o 

adrenals to amine depletion is . ^ oj-brain barrier, or second > 

blood-adrenal barrier, analogous to the centrally, probably 

that the depletion of dK" is evidence in some mammals 
through the hypothalamus, for which tto^^ mechanism is still obscure 

(Holzbauer and Vogt, 1956)- Ho ^ „ngc of depleting drug 

and it may be possible, by the u < experiment noiiltl 

and doses in the chick to Vttr denen ation of the adrenal 

to test the effect of reserpme m chioks . 

glands, ifthis were technically fcasibk.^^ ^^._^^^^^_ ,'To 

While SVC were carrying out th " ■ ensured appear 
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posteanglionic sympathetic nerves and is therefore the transmitter of 
the sympathetic nervous system and mediates normal sympathetic 
function. Adrenaline differs from nor-adrenaline in that it has a methyl 
group substituted on the terminal nitrogen, and it is the principal 
amine secreted by the adrenal medulla in response to stress— the so- 
called “fight or flight” reaction. In mammals, the proportion of 
adrenaline in tissues, other than the adrenal medulla, does not normally 
exceed lo per cent of the total catecholamine content. Hearts, brains 
and adrenal glands of chicks were therefore assayed at various ages for 
both adrenaline and nor-adrenaline, and the results for hearts and 
brains are shown in Fig. 3. This shows that the concentration of 
adrenaline in brain is appreciable, being about 30 per cent and that the 
ratio of adrenaline to nor-adrenaline remains relatively constant as docs 
the concentration, although the weight of the tissue changes as the 
animals grow. In the heart the concentration of adrenaline is con- 
siderably higher than that of nor-adrenaline which falls with age while 
that of adrenaline apparently varies but does not decrease. In the 
adrenal glands the total catecholamine concentration rises slightly with 
age from about 5 mg./g. to about 7 mg./g. but the proportion of adrena- 
line remains constant around 50 per cent. If these results are expressed 
in a different way, as in Fig. 4 it is perhaps easier to see their possible 
significance a little more clearly. This shows the mean weight of the 
tissues and their total content of adrenaline and nor-adrenaline. The 



Fio. 3. Concentration of adrenaline {open columns) and nor- 
adrenaline (hatched columns) in chicken hearts and brains at 
difTcrent ages. 


Vntkel iars: standard error. 
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weight of the hearts increases ten-fold beUveen i and 8 weeks and the 
content of adrenaline closely parallels this— the two curves are almost 
superimposable. However, the nor-adrenaline content only increases 
4 times and the slope is much shallower. This indicates that there is a 
marked increase in methylation during development in these chick 
hearts. In brain and adrenals the picture is somewhat different. The 
weight of the brain doubles over the 8 weeks and so do both the adrena- 
line and noradrenaline contents — the curves are parallel and t ere is 
no evidence of an increase in methylation. Likewise in t e a rena s, 
although there is a slight increase in concentration the adrenalme and 
nor-adrenaline contents increasing rather more than the adrenal w^ht, 
there is no evidence of an increase in methylation. s is a 

ing because in most other species there is an mcrease ^ , 

during early life in the adrenal medulla. However Leib on and 
StabrLski (196Q), have found that “ 

occur just at hLching. The percentage of adrenalme “P 35 
at I day before to 51 at i day after hatchmg. 
estimates both of total amount of catecholamines an 
adrenaline and nor-adrenaline in cluck adrena ® ^ j. adrenals we 
our own, whereas the only other ® ^ a higher 

can find in the literature (Shepherd West i^ij^^how^a 

total amount and a higher percentage o artefact due to the 

however, be a strain difference or possibly an artelact 
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different techniques used for assay. Leibson and Stabrowki (1962) 
and ourselves used fluorimetry whereas Shepherd and West (1951J 
used bioassay. Wc have already found a discrepancy between cate- 
cholamine values of rat adrenal glands assayed by the two techniques 
and are investigating possible reasons for this. 

Does the high proportion of adrenaline in the hearts have any 
significance? It may be relevant here to recall that frog tissues contain a 
very high proportion of adrenaline— in fact von Euler (1946) was 
unable to detect any nor-adrenaline in the frog heart. In the one group 



Fig. 5. Correlation between percentage of adrenaline (closed 
circles) or noradrenaline (open circles) before and after guanethidine 
(lo or 20 mg./kg. s.c.) in chick hearts and brains. Lines are “calcu- 
lated lines of best fit”. 

of frogs that we have tested we also could not detect any nor-adrenaline 
hut found a very high amount of adrenaline (about 10 fig./g.). von 
Euler considers that the sympathetic transmitter in the frog heart is 
adrenaline. This raises the possibility that the sympathetic transmitter 
in the chick heart may be, or may contain a large proportion of adrena- 
line. The increase in mcthylation in the hearts suggests that adrenaline 
may he the more important amine and some experiments we have done 
using guanethidine lend further support to this idea. These results 
arc illustrated in Fig. 5. 

The degree of adrenaline and nor-adrenaline depletion in hearts and 
brains before the blood-brain barrier is established, found after using 
guanethidine, was extremely rariablc and did not seem to correlate 
with dose or age. However, when the degree of depiction of either 
adrenaline or noradrenaline was plotted against the percentage of 
that amine in the tissue, then a significant correlation emerged. Where 
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there is a high proportion of adrenaline it is subject to depletion, but 
where there is only a small percentage there is no depletion and 
occasionally even an increase. By contrast, nur-adrenalme usually 
shows a slight depletion but it is very variable and there is 
correlation at all and the calculated line is not significant Wh® the 
dose is increased to 20 mg./kg., the correlation or a degree of 

even better and the line moves downwards showing *e 
depletion for each percentage is greater; and even a P . 
there is usually some depletion. The '“’^drenaline depleji^n now 
shows a correlation with the percentage o amin jg 

the adrenaline it is the smaller proportion 

susceptible to depletion and the larger P™P°‘' ^ j j i,le 

depleted. That is, there may be a small labile pool a la^® 
pool for nor-adrenaline, whereas the adrena me m y ^ 

pool, with only a small stable or storage pool , e- 

would be in agreement ivith a functional role for adrenaline P 

cursor or storage role for j-gsuits are of a prelim- 

To conclude, we must emphasise that these res ^ 

inary nature and the suggestions we have made 

for further work. 
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RENAL FUNCTION IN THE FOWL 
A. H. Sykes 

College {Unicersily of London), Ashford, Kent 
Synopsis 

The principal anatomical features of the venous system of the fowls 
kidney are described. The evidence for the existence of a functional 
renal portal system is reviewed and the use that may be made of this 
system to determine excretory mechanisms is discussed. Some effects 
of experimental modifications of the vascular supply on renal function 
are described. 

Introduction 

One of the most characteristic features of the avian kidney is its 
venous system (Fig. i). There is a principal renal vein draining the 
middle and posterior lobes in a way comparable to that of the mam- 
malian renal vein and, according to some authors, a number of vessels 
draining the anterior lobe (Sperber, 1948). In addition, the posterior 
and middle lobes and probably the anterior lobe receive an additional 
supply to the peritubular capillaries from the branches of the renal 
portal vein. This vein is unique in that it affords a direct connection 
between the hepatic and renal circulations via the coccygeo-mesenteric 
vein but there is an important difference between these two portal 
systems. 

In the hepatic portal system the vein breaks down completely to a 
second capillary network, whereas in the renal portal system there is a 
very large channel which allows blood entering the portal vein, from the 
legs and the coccygeal region, to return directly to the inferior vena 
cava, and so to the heart, without first traversing the peritubular 
capillaries. These capillaries offer an alternative route, the functional 
nature of which was not clear until the experiments of Sperber (1948). 
He showed, by catheterisation of both ureters followed by the injection 
of phenol red into tlie muscle of each leg in turn, that the kidney on 
the injected side excreted a greater quantity of phenol red than the 
kidney on the opposite side. It was concluded that tliis excess had been 
transported to the tubules through the portal capillaries since both 
kidneys excreted similar quantities when phenol red was injected into 
the pectoral muscle. 

•M 
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Experimental 

A similar response to that described by Sperber (1948) to/i-amino- 
hippurate (PAH) may be seen in Fig. 2 in which the further point is 
made that unilateral infusion of inulin into the tibial vein does not 
result in any increase in the glomerular filtration rate. Hence it may 
be concluded that the portal capillaries do not reach t e g omeru 1, 
a point that has also been made on histological grounds y 
(1925). Uric acid, also secreted by the tubules, ^mi ar y ® 
ifferential excretion following unilateral injection ( ig- 3 h 
too do a number of unrelated substances 

c.g. tetraethyl ammonium, histamine and penicillin, n ac , p 
technique has probably been used more by 

those with an interest in avian physiology and it rnig establishing 

to point out some of the limitations of this method ““ 

whether or not a particular substance is subject to “ “ 

The normal procedure for this is to make a comp obvious 

clearance of the particular substance with that o j Por 

advantage of Sperber’s technique is Aat it is 

intravenous infusions and plasma analysis, on y ^ substance 

required. On the other hand, if the tubular maximum for 
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under investigation is exceeded then no differential excretion can be 
observed even if the clearance is still well above filtration rate. 

This can be seen even with PAH which has a high tubular maximum 
(Table i). The clearance on the infused side under conditions of a low 
tubular load clearly was overestimated since there was no means of 
determining the effective concentration of PAH in the blood. With the 
high load this error, although still present, would be reduced. Although 
the differential excretion was abolished there was still positive evidence of 
tubular secretion from the clearances, which remained well above the 
filtration rate. 



Fic. 2, Excretion of PAH and filtration rate following infusion at 
different sites to demonstrate the renal portal supply to the tubules. 



Fio. 3. Excretion of uric acid through the renal portal sjatem of the 
fowl. 
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With substances with a very low tubular maximum a differential 
rate of excretion might never be observed. This was true of creatine 
which, nevertheless, had a clearance of approximately twice the 

filtration rate. , , , , 

Another disadvantage of this technique was observed when urea w as 

infused into the tibial vein on one side. An excess 

on the same side and this might have been taken as evidence of secretion 

TABLE I 

The renal clearance and excretion of 

at different rates {L and Jt=left and rtght kidneys) 


PAH 


Site of Inulin clearance Excretion 
infusion mg./**'**’’ 

(a) The infusion of small quantities of PAH 
O.A OA-K O- 


Clearance 

ml./min. 

L R 


Wing 
Right leg 
Left leg 


2-3 

2-2 

2-6 

2-7 

2-1 

2-0 


2-6 

2*4 

2-7 

2*7 

2*3 


0-43 
0*20 
01 1 

O'lO 

015 

0*15 


0-39 

021 

0-22 

0-19 

©•o8 

007 


(i) The infusion of large quantities of PAH 
.... ... 0-1 iCio tj 


Wing 
Right leg 
Left leg 


3-4 

3.2 

2-9 

2-8 

2-8 

2-2 


3 * 

36 

2*7 

2*8 

2-7 

2-2 


iCio 

«3-75 

11-70 

11-25 

ll-o 

10-50 


j5-8o 

1350 

1 j-60 
11-25 
10-30 
10-10 


55-0 

49-0 

42*5 

55-5 

i8-8 


4- 48 

5- 30 
615 

6 - 25 
6-90 
680 


500 

53 '^ 

84-0 

104-0 

9-4 

36-0 


440 
510 
6 to 
C-25 
6-46 

6-50 


in .rn and Robinson, igG})- 
despite other evidence to the 1062) it "as clear that 

However, on examination of the “ “ ' , (-oncentration "a* ’f 
there had been a unilateral diuresis obserred result coii < 

invariably higher on the infused si gradient for urea t' >' 

interpreted in terms of an altered rca acting as an 

resulted in the urea, now rctaine 1 (-xample screes to ' 

diuretic. Whatever the explanation, establish a seer 

the total excretion rates may not :_i|ar on both sicles.^ 

mechanism unless the urine volumes . ^ 



relaxed by atropine and adrenaline (after acetylcholine). Large doses 
of atropine in vivo were shown to reduce very drastically a differential 
excretion of PAH which had been established. 

It has been possible to confirm this effect of atropine, but only with 
doses as large as lo mg., and clearly such doses rule out any specificity 
of site of action. Occasionally no change in the excretion rate was 
observed and at other times the excretion rate from both kidneys was 
depressed although the differential was still present. This may be 
interpreted as showing that the sphincter on both sides was initially 
contracted, thus allowing blood to traverse the portal capillaries. The 
effect of the atropine was to relax both sphincters but some blood 
nevertheless continued to flow through the portal system as shown by 
the excess excretion on the injected side. 

The effect of atropine was abolished by carbachol, i.e. the differ- 
ential excretion was restored, but again using doses well above what is 
generally considered to be physiological. 

In other experiments it has been possible to tie off the external iliac 
vein at the site of the sphincter and this procedure resulted in no rise in 
the differential excretion rate that had already been established. It 
might be concluded from this that the sphincter was completely closed 
at the beginning otherwise total ligation might have brought about a 
further increase in the blood flow to the tubules. On the other hand, 
the venous return from the legs might have been diverted through the 
hepatic portal system so as to maintain the same effective renal blood 
flow throughout. 

The existence of these alternative routes for venous flow suggests 
that the avian kidney might be less affected by major circulatory 
changes than that of mammals. By occluding either the inferior vena 
cava or the hepatic portal vein it should be possible to make very 
considerable increases in the potential blood supply to the tubules and 
to see how far these alterations affect renal function. 

Occlusion of the hepatic portal vein where it enters the liver was 
invariably fatal in chronic experiments and no measurements were 
made under these conditions. It was possible, however, to occlude this 
vein for short periods and to measure filtration rate and plasma flow by 
the usual clearance procedures (Sykes, i960). 

A typical experiment is given in Fig. 4. Urine flow was maintained 
(since a diuretic was ^ven), but there was a moderate fall in the 
filtration rate and in the plasma flow. The latter was surprising since 
it might have been expected to increase if any of the diverted blood 
passed through the peritubular capillaries. 

Only when the coccygco-mescnteric vein was occluded simul- 
taneously Avith the hepatic portal vein did renal function become 
depressed and this might be explained in terms of a reduced arterial 
blood pressure brought about by a sudden fall in the venous return to 
the heart. 
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Chronic occlusion of the inferior vena cava resulted in no apparent 
change in renal, or any other, function of the fowl. The operation 
performed before maturity but subsequently all eight bir s ai 

normally. • ■ i-i, 1 tL t 

The birds were not examined post mortem^ but it is ^ ^ f 

collateral circulation developed as described by Clarkson an c ar s 
(1965) in similar work on the turkey reported at this Symposium. 

In the acute preparation, after occlusion of the 1 erior 
there was an immediate fall in urine flow sometimes amou 
anuria. This was accompanied by a fall in filtration ra e a , 

plasma flow, but it was a transient phase and t ere w ^ 
recovery sometimes within 15 _min. Alt 
figures have been obtained so far, it appears t a 
increase in plasma flow despite re-routing ^ ■ toecther 

venous return through the renal circulation. lends'weight to 

with the similar result ofhepatic portal occlusion a , 

<he „.d. by (.96, .b« « 

renal portal capillaries may be controlled m T . . 

anisms within the kidney lobes than by the rena P ,. jjc jn 

_ The importance of the sphincter, « A^terjmpl^j, 
diverting blood into the hepatic portal , , ■ coccygco- 

functional significance of the connection a 
mesenteric vein has remained obscure. 
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It is possible that the flow in this vessel might at times be directed 
towards the kidney and this would allow products from the rectum and 
the thick segments of the caeca to enter the renal circulation rather than 
the hepatic. That this route is available was demonstrated by 
tion of Sperber’s technique. The hypogastric vein on the right side, 
which is accessible for about i cm. in cocks and non-laying hens, was 
tied off so that any blood entering the renal portal circulation at this 
point would be available to only the left kidney. There were no 
apparent effects of this operation itself upon renal function. 



mesenteric vein. R. hypogastric vein occluded. 

A cannula was inserted into a small mesenteric vein and provision 
made for the occlusion of the hepatic portal vein as required. 

The infused PAH could obviously pass towards the liver or the 
kidney and there is some evidence that occasionally it was to the latter. 
Thus in Fig. 5 a differential in favour of the left kidney \vas seen in 
periods I and 3 and, as might be expected, became pronounced when 
the hepatic portal vein was closed. Under these conditions a portion 
at least of the normal hepatic flow must have entered the peritubular 
capillaries but whether this can occur under more physiological 
conditions remains to be determined. 
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LIVER BLOOD FLOW IN THE TURKEY 
M. J. Clarkson and T. G. Richards 

Department of Parasitology and Entomology, Liverpool School of 
Tropical Medicine and the Department of Physiologyy 
University of Liverpool 

Synopsis 

The total hepatic blood flow of unanaestheiised turkeys is measured 
by estimating the clearance of bromsulphthalein after a single intra- 
venous injection at a time dynamically equivalent to continuous 
infusion conditions at equilibrium. Components of clearance — 
hepatic blood flow and extraction ratio— are then derived. 

The results in normal turkeys and in birds with ligatures on either 
the posterior vena cava or the coccygeo-mesenteric vein are given. 

The mean hepatic blood flow in i6 normal birds was 44*2 mh/kg./ 
min., and in 7 birds after ligation of the coccygeo-mesenteric vein 
40*3 ml./kg./min. Ligation of the posterior vena cava usually increased 
the liver blood flow considerably but the results were variable. 

It is suggested that blood may flow in either direction in the 
coccygeo-mesenteric vein depending on the state of the renal portal 
sphincter (valve), thus increasing or decreasing the hepatic venous 
supply. 

Introduction 

The blood supply of the liver of the turkey consists of the small 
hepatic arteries and the hepatic portal veins (Clarkson, 1961a). The 
left portal vein is small and drains the gizzard and proventriculus. The 
right hepatic portal vein is large and receives blood from the splanchnic 
area including main branches from the duodenum, small intestine and 
the spleen. This is similar to the mammal but in addition the vein 
continues posteriorly as the coccygco-mcscntcric vein and connects 
by a venous arch to the renal portal venous system via the hypogastric 
veins. This system receives blood from the legs via the iliac veins and 
connects with the posterior vena cava. On each external iliac vein there 
is a muscular “valve** or sphincter (Fig. 1). The sinusoids of the liver 
arc, therefore, directly connected to the posterior vena cava both by the 
hepatic veins and also by the hepatic portal vein and its extensions via 
the renal portal sptem. The liver is tlius situated on a venous “loop** 
whose ends have a common termination. Since veins enter tliis “loop** 

•94 
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at several sites, the blood they contribute may, in principle, flow into 
the posterior vena cava either along a venous pathway containing a 
valve (sphincter), or by passing through the liver. If the resistance to 
flow offered by the sphincter can change, and the venous in ow rom 
other contributory veins varies, the venous return from any source 

may follow either of these routes on different occasions. 

Akester (1964.) has shown in anaesthetised fowls 
material injected into the external iliac vein could trave y 1 ^ 
routes depending on the state of the sphincter, between ^ 
passing directly to the posterior vena cava and being irec e 
liver via the coccygeo-mesenteric vein. In 

There has been no quantitative measurement o iver o 
the turkey and only two workers have published resu so . 
flow in the fowl (Ranney, Chaikoff and Dobson, t95^> material' 
Hartmann, 1959). Both these groups used (jjg 

Sapirstein and Hartman’s indicator dilution metho req 
death of the bird in order to digest the organs. 
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The present work was undertaken in an attempt to measure, by a 
simpler method, the total hepatic blood flow of unanaesthetised turkeys 
in the normal upright position, in such a way that the observations could 
be repeated at intervals when necessary. The present paper outlines 
the method. The results presented were obtained in normal birds, 
and in birds with ligatures placed either (a) on the posterior vena 
cava or {b) on the coccygeo-mesenteric vein at the venous arch 
(Fig. i). 

Bromsulphthalein (BSP) is a drug which is removed from the 
circulation almost entirely by the liver and excreted in the bile. There 
is no entero-hepatie circulation. It has been used as a test of liver 
function in man for many years. Richards, Tindall and Young (1959) 
showed, after a single injection in the dog, that the BSP content of the 
liver and the bile could be predicted from the fall in the plasma 
concentration. The fall in plasma coneentration showed that a 
proportion (a) of the plasma content was accepted by the liver per unit 
time, and proportions (A and h) of the liver content were passed back 
into the plasma and into the bile per unit time, respectively.. This 
relationship has been confirmed in the turkey (Clarkson 1961 A). After 
a single injection the liver content rises rapidly to a peak and then falls 
in an exponential manner. At the peak of maximum content the liver 
is at input-output equilibrium with respect to blood and bile, i.e. the 
amount of BSP entering the liver from the plasma is exactly equal to 
the amount leaving the liver in the bile. At this point, and this point 
alone, the situation is directly comparable with that in continuous 
infusion taken to equilibrium. The time (t) of equilibrium can be 
calculated from the plasma curve, and the clearance of BSP at this time 
can be calculated. In practice there is no need to calculate t since it is 

readily shown that clearance at this point is a fraction f ) of the 

plasma volume, F, per unit time. 

Clearance is numerically equal to flow rate multiplied by the 
“extraction ratio” and a method has been devised for the separation of 
these two components of clearance. This will be published in detail 
clseivhcre. 

Material and Methods 

Turkeys. Mature or nearly mature Beltsville White as well as a 
small number of Broad-breasted Bronze of cither sex and weighing 
from 4*0 to 15*0 kg., were used. 

liSP. This ivas given as a single injection of a sterile solution con- 
taining 50 mg./ml.* For continuous infusion it was made up in a 
phosphate buffer of pi 1 7-30. 

Blood samples. These were obtained from a catheter placed in the 
region of the heart via the jugular vein. Samples were taken at frequent 
* Savory & ^loorc Ltd, London 
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intervals and the plasma analysed for BSP using a Hilger & Watts 
Uvispek spectrophotometer, by a method similar to that previously 
described (Clarkson, igSii). 

Indocyanine green (ICG) was used in a few experiments. 

Operative procedure. The birds were anaesthetised with halothane* 
and oxygen and the appropriate vessel ligated. A single injection was 
given, the vessel ligated the next day and the test repeated 6-8 days 
later. The bird was then killed, the site of ligation inspected and the 
liver weighed and examined histologically. 


Experimental Results 

Comparison of Clearance at Time t and during Continuous Infuswn 

Three birds were given a single injection of BSP or ICG, ^ 

one. or more periods of continuous infusion. Table i shows th 
ances obtained. 

TABLE I 

Comparison of clearance obtained by continuous infusions and by single injection at t 

SINGLE mjECnON 


No. 

Sex 

Drug 

t min. 

151 

M 

BSP 

4*24 

151 

M 

ICG 

3*8i 

15a 

M 

BSP 

4*48 

152 

M 

ICG 

4-34 

*53 

M 

BSP 

3-88 

*53 

M 

ICG 

3-4* 


Clearance at/ Quantity removed at / continuo^ infusion 

{-(m)-) 


135-6 

104*7 

109*9 

103*9 

178*1 

109*7 


Cone” at ((-0-5) ™"- 
112*8 
896 
920 
880 
142*0 
92*8 


Clearance i Clearance 
n2 2 


1123 
885 
95-4 
85* t 
1470 
O21 


96*0 
83 2 
i 5»-3 
909 


i^igaiion OJ ^ ^ triving a mean Otoou 

The results on 7 birds are shown m S ^ , 

flow of 44-1 ml./kg./min. before bgat.on and a me. 

rr»ir» c\ftnr licratinn. 


min. after ligation. 

Ligation of Posterior Vena Cava ^ oftehich it as done tvice 

Table 3 shows the results in 9 I”™ > loosened and vas not 

(No. 158). In 3 of these birds the_jg.,^ .0- 


laDie 3 snowa tiit. ^ r„ot.irr had looscncu 

(No. 158). In 3 of these birds ‘ho ''S- .are excluded the 

obstructing the flow of blood. Vshmv considerable incre.a-srs 

results are still variable, althoug 1 5 ° Upp-itic blood flow was a most 

including one (No. 35) i" 
doubled. 

S of birds 


Liver Weights r.i - u.-ers of birds "lU”- . 

Table 4 shows that the weight ' jnere.ased over the control 

vena cava had been ligated was vein. 

and over those with a ligated coceygeo-mese 

• “nuothanc** I-C *- 
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TABLE 4 

The effect of ligation of the coccjrgeo-mesenteric vein or the posterior vena cava on 
liver weight 

Liver wt. g./lg. body wt. 


Procedure 

No. of birds 

Mean 

Standard deviation 

Normal 

8 

14*10 

3 'i 3 

Ligation of 
posterior vena 
cava 

10 

20*07 

3-84 

Ligation of 
coccygeo- 
mescnteric 
vein 

7 

12*90 

1-36 


Discussion 

The basic description of the fhTngef in 

tration after single injection ‘ha 

plasma concentration by the action of the ^rtuahy instantaneous, 

out the whole plasma volume, mixing b g . . whether 

whether the substance introduced is the ong vein into the 

it is the continuous introduction of blood from the hepatic 

sri.. .h. 

»-■ - - ■■ 

this time (t). .visting in properly eon- 

This steady state is thus the same as Indeed, the 

ducted continuous infusion work to e indefinitely the brie 

purpose of continuous infusion is to c 

period of steady state in single , comparison of clearance 

It would, therrfore, be expected .hat_ a^co^ „ie same 

determined from single injection a , „nod agreement, 
animal, and in close succession, j; fuo found that clearance 

In practice the agreement is clear, but. ns ,he reasons 

by single injection are greater 

for this are not yet knowTi. . of the plasma 

This is equivalent to a j; reasonable to s“PP°;" '' '"I’ 

tration relative to changes in the ivc. ^ ^-5 min. (cf. a 

in the turkey, the “time-displ^accmen ^ win 

Wc have been unable to find anj P ^^r results. Sap'^ ^ 
flow in the turkey with which to ^ ^ jjjood 

Hartman (1959) showed that the ^ d in this paper the m • 

38ml./kg./min. I" the >6 birds desenb^d ^ «cniene 

flow before any operative prtKe pjj„,ionorthec(Xcygew 
The interpretation of the effect due to the nia > 

vein or the posterior vena cav'a i 
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which, could be involved. Our figures refer to the volume of blood 
passing along the hepatic veins, i.e. the total hepatic blood flow, and 
this can be influenced by alterations in any of the sources of the blood. 
For example, the flow from the splanchnic area could alter consider- 
ably, depending on the nervous state of the unanaesthetised bird. We 
are at present attempting to isolate this variable in birds with the 
coccygeo-mesenteric vein ligated using injections of adrenaline. 

The results (Table 2) of the effect of ligation of the coccygeo- 
mesenteric vein could be explained by postulating that blood flow in 
either direction in this vein in the normal bird, depending on the state 
of the valve. If the valve was fully open blood may then flow from the 
liver to the kidneys and vice versa if the valve was fully closed. Since we 
have no knowledge of the state of the valve when the original injection 
was given, ligation could result in either a fall or an increase in liver 
blood flow. Since 5 of the 7 birds showed a fall in blood flow it is 
possible that normally a small amount of blood flows from the kidneys 
to the liver via the coccygeo-mesenteric vein and this was prevented 
from doing so by the ligature. However, we have little data at present 
on the variations in flow from day to day in an individual bird, and 
further experiments are needed before this suggestion can be confirmed. 

Most of the birds with the posterior vena cava ligated show a 
considerable increase in flow. However, few of these are as high as 
might be expected if the whole of the renal blood and that from the 
hind limbs was directed through the liver. This is particularly true of 
45 (Table 3) where the blood flow after ligation was slightly 
reduced. This may have been due to collateral channels, possible 
diversion via the vertebral veins or caused by a considerable reduction 
in splanchnic flow which was sufficient to offset the increase in flow 
caused by the ligature. 

These results arc presented as a preliminary study of the problems 
posed by the complex venous connections of the avian liver, and to 
measure clearance, flow rate and extraction ratio. 
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AFFERENT PATHWAYS IN THE VAGUS 
AND THEIR INFLUENCE ON AVIAN 
BREATHING: A REVIEW 

A. S. King 

Department of Veterinary Anatomy, University of Liverpool 
Synopsis 

The respiratory effects of bilateral cervical vagotomy in the bird 
arc reviewed, including the varied changes in amplitude and rate, the 
characteristics of the slowing, the occurrence of dyspnoea, and the 
possible influence of anaesthesia, age, species and posture. The res- 
piratory responses to stimulation of the central stump of the avian 
cervical vagus, and theoretical interpretations of the role of vagal 
afferent fibres in the control of breathing, arc also briefly surveyed. 

Introduction 

This review attempts to assemble the main essentials of what is 
known about the varying respiratory effects of bilateral cervical 
vagotomy in birds, and of the factors which may contribute to these 
variations. It also covers less fully the respiratory effects of stimulation 
of the central stump of the avian cervical vagus. Finally, theoretical 
interpretations of the role of vagal afferent pathways in the control of 
avian breathing are briefly outlined. It is hoped that such a review 
is warranted by the smallness of the space which the current reference 
books can afford for discussion of this important but unresolved 
physiological topic, and by the fact that the relevant papers, many of 
great length in French and German, arc scattered over a century or 
more of literature. 

Principal sources of literature 

Tlic question of the afferent vagal control of breathing has recently 
been surveyed in reference books by Sturkic (1954) and Salt and 
Zeuthen (1960). Of Uic original papers the key works arc those by 
Fcddc, Burger and Kitchell (1963a, 19636), and by Sinlia (1958). 
These report extensive experiments and also provide a scholarly 
introduction to the literature. Those by Fcddc et al. {igGsa, 6) arc 
particularlyhclpful,ror in addition to covering the literature before and 

3«1 
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including the nineteenth century, they compare the effects of vagotomy 
in vertebrates generally, and re-examine the whole theoretical question 
of the afferent vagal control of breathing. Siefert’s paper of 1896, an 
ambitious survey of reptilian and avian breathing, is un ortunatc y 
rather prolix, and his own original work is not systematica y presente . 
Nevertheless, it provides an extensive and accurate analysis olt c 
principal works of his day as well as comparisons wit is own 0 
tions. 


Bilateral cervical vagotomy 

The main points in dispute about the effects Wa.eraJ^cemca! 

vagotomy in birds include the changes ^ of dyspnoea 

breathing the nature of the slowing and the fP^ar 

Among factors which may play a part in causing these variations 

anaesthesia, age, species and posture of the anima . 

Changes in Amplitude r a inrrrasc 

The amplitude of breathing conclusion 

greatly after bilateral vagot^y. Jws " , Saalfcld (1936)- 

reached by Cavalie (1898), Orr and The descriptions of Zander 

Graham (1940) and Fedde et al. , g and Stiibel (igto) 

(1879), M (\ 88 o), Siefert (-896 > GtcTeaJt amplitude; unfor- 
also more or less definitely indicate period hasc no 

tunately many of the tracings in pu described the increase 

preliminary records of normal breathing. jn ,|ic pigeon from a 

as considerable, and Saalfeld rccordc an operation. Fedde 

normal value of 5 ml. to an amplitu c o 5 ^yhitc Leghorn m.ales, 
et al. observed a 2- to 3-fold increase 'U minutes a ter 
this increase developed complete uithin .0 to 6" 

section of the nerves, and appea /,8o'’) regularly obiai • 

min. On the other hand, Couvreur chicken an 

reduction in amplitude in the (Pf” ^ reduction in 8-1 . 

pigeon. Again Sinha ( 1 958). reported a nd m f e 

experiments on the unaesthetised or amplitude; hr .d'o no 

rest of his experiments found no c lan 
shift towards the inspiratory' side. 
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remarked that in this species breathing slowed to a state of apnoea 
Fedde et al. (19630) closely studied the changes in rate in the male 
White Leghorn chicken. They found that the greatest change occu^ed 
durine the first 5 min., but the maximum slowing was reached abou 
10 min. after operation. A transient initial stimulation of breathing 
attributable to mechanical stimulation of the nerve by cutting, wa 
observed by Graham (1940) in the chicken, and by Sinha (195B) m 
the pigeon; it was also noted by Stubel (1910), but not in relation to 


any particular species. , d jj 

A partial recovery of rate has been quite often observed. Boddaert 
(1862) described one experiment on a pigeon in which the rate became 
“pretty nearly normal” between the third and tenth day after operation. 
In the same species Zander (1879) found a considerable acceleration 
about 24 hr. after the nerves had been sectioned and Knoll (1880) and 
Siefert (1896) described a noticeable acceleration on the first or second 
day; Sinha (1958) observed “some recovery” within 6 to 12 hr. 
Couvreur (1892) found that in the chicken the rate accelerated during 
4 to 5 days to about one-third of its normal value, while a somewhat 
greater acceleration occurred in the pigeon within 24 hr. ^ Fedde et al. 
(1963a) obtained a partial recovery of rate in a few hours in older male 
chickens. Likewise, partial recovery was observed by Cavalii (1898) 
in the duck after a few days. Nevertheless, in all these reports the rate 
never recovered to its original value. Apparently only Eichhorst (1879) 


has claimed full recovery. 

Not many workers have published tracings which enable the minute 
volume to be measured. However, the increase in amplitude observed 
by most investigators is certainly inadequate to compensate for the 
relatively enormous reduction in rate; therefore it may safely be 
assumed that the minute volume is profoundly depressed. Sinha ( 1 958) 


directly demonstrated a fall in minute volume. 


The jTalure of the Slowing 

Pausing in the extreme expiratory position (Fig. 2) has been given 
by most authors as the explanation for the slowing of breathing after 
vagal section. This was observed in the pigeon by Knoll (1880), and 
confirmed by Grober (1899) and Griinwald (1904); Sinha (1958) 
reported its occurrence in the chicken. Siefert (1896), however, ob- 
scrs'cd it only occasionally in his experiments on the pigeon. He believed 
that typically the pause coincided with the true resting position of the 
thorax, between the passive and active phases of inspiration: this he 
confirmed by showing that the position of the pause on his tracings was 
identical with that which he recorded after high transection of the 
spinal cord (Pig. 1). Sinha (1958) also obscrs'cd arrest “in the middle 
position". On the other hand, a prolonged slow expiration (Fig- S)' 
ssithont a pause at .all, svas foiind by Sinha (1958) in some of his 
experiments on the pigeon, and by I'ctldc et al. (1963a) in the chicken. 
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By far the most complete survey of the pattern of breathing after 
cerviLl vagotomy was given by Stubel (1910). After experiments on 
several wild and domestic avian species he strongly confirmed Siefert s 
(i8q6) conclusion that pauses in the resting position of the thorax are 
kr more common than pauses at the end of expration. However, he 
also showed that these pauses in the resting position can interrupt either 
expiration (Fig. 4) or inspiration (Fig. i). Between the pauses the 
individual breaths tend to be faster than normal. The slowing ol 
breathing can also arise from slowing of either inspiration (Fig. 3) or 
expiration (Fig. 5); this seemed to occur relatively commonly in 
predatory birds and in ravens and crows. In any species short and 
erratic breathing movements may be irregularly interspersed between 
the deeper breaths. 


Dyspnoea 

In a detailed account of two of his many experiments on pigeons 
Boddaert (1862) mentioned severe dyspnoea resulting from vagotomy. 
Zander (1879) always obtained dyspnoea in the pigeon, but it was not 
invariably severe. It was often observed by Grober (1899) in the young 
pigeon, but in the same species Sinha (1958) saw no signs of asphyxia. 
Orr and Watson (1913) reported asphyxial struggles in the duck. In 
the chicken Fcdde et al. (1963a) found that conscious male birds 32 
weeks of age generally died within 3 hr. witli symptoms resembling 
those of asphyxia but this did not happen when the birds were only 
16 weeks old. It would evidently appear that Boddaert (1862) usually 
managed to keep liis pigeons alive for 8 to 1 2 days, until they died of 
starvation, whereas Couvreur (1892) and Grober (1899) implied that 
their birds usually died within a few days. On the other hand, Stubel 
(1910) apparently believed that dyspnoea could be avoided by using 
appropriate teehniques for recording breathing. Other authors (e.g. 
Siefert, 1896) made no mention of dyspnoea, or of fatal termination, in 
their own experiments. 

Anaesthesia 

As Fcdde et al. (19630) pointed out, the introduction of anaesthesia 
into physiology towards the end of the nineteenth century could be one 
reason for the varied results of vagotomy. Most workers of this period 
(e.g. CousTCur, 1892; Siefert, 1896; Cavalic, 1898; Grober, 1899) gave 
no systematic account of tlicir c-xpcrimcntal methods so that it is 
impossible to decide ivhethcr their animals iverc anaesthetised or not. 
Saalfcld (1936) used intrapcritoneal urethane and ether, and Graham 
(1910) used barbiturates. A variety of non-volatile anaesthetics were 
used by Sinha (1958), as well as decerebration; he reported no cor- 
relation of response with any particular type of anaesthetic. Fcdde 
et al. (1963a), on the other hand, showed that responses to bilateral 
vagotomy are different in the conscious male cliicken as comparetl with 
similar male birds anaesthetised by intravenous sodium pentobarbital. 
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The effect of anaesthesia was to restore the rate and amplitude towards 
normal values. The extent of this recovery was proportiorial to the 
depth of anaesthesia; the deeper the anaesthesia the more near y norma 
the breathing became. Nevertheless, as a general rule, anaes esia 
seemed unable to prevent entirely some characteristic s owing o ra 
and increase of amplitude. As will be mentioned later, t is ° 

the effect of barbiturate anaesthesia has interesting t eore ica 
cussions. 


Most workers (c.g. Couvreur, 1892; Siefert, 1896, 

Orr and Watson, 1913) '"“*’,“hat “young” pigeons often 

mental animals, but Grober (1899) noted tha y g 
died. Saalfeld {1936) and Sinha (1958) clear y s a chickens of 

•dul. pigeon.. Mdi ,, 

32 weeks a progressive decline m amphtu maintained a stable 

ing in death within 3 hr.; male birds of 
amplitude and rate during the same perio 

„ „r.necies and breed on the 

Very little is known about the influence P [hat genetic 

results of bilateral vagotomy. Fedde et a . heavy breeds of 

differences constitute a source °f • -inn and less intense 
fowl typically show a somewhat prolonge P to Stiibcl 

pulmonary changes. These he considered a larp 

(1910) the view that species differences s impressed with the 

fector. In fact, Stubel seems to have been "lo^, .^e same 
considerable variations which he o *eiwe yjicr vagotom) ■ 

and different species, both in normal b>-=^^"f^m,teristic different 
and remarked that “it is impossible to cslabl did c°ne'nde, 

in the respiratory curves of the vanous a (omy occurs in t ic > 

however, that the greatest slowing^aftcr ,he icn^ 

With pauses of up to i min. Nex on cro^^s, r 

severely affected. Having made o j that the ym;. 

several predators he also tentauvely s gg 1^^^ severe m 

breathing after bilateral vagotomy ®PP ‘ ^5. He emphas'sr .1 

flying bhds than in the inert loo much irc.ghc coulc 

ever, that since his material was no a 
not be placed on this conclusion. 
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their methods, but one may assume that most of them placed the animal 

in the supine posture for ease of restraint. Only Saalfeld (1936) appears 
to have used both the supine and the prone posture: he observed no 
effect on the result. In view of the various influences that can aflect 
breathing in the entirely abnormal supine posture (see Salt and 
Zeuthen, i960; King and Payne, 1964), the possibility that it may 
modify the effects of vagotomy cannot be safely disregarded. 


Respiratory effects of stimulating the central stump of the vagus 
The effects of electrical stimulation of the central stump of the cut 
cervical vagus are variable. As in mammals the response depends on 
the frequency, etc., of the stimulus. Siefert (1896) and Grober (1899) 
summed up the already abundant experimental evidence of their day, 
gained mainly from pigeons, with the generalisation that stimulation 
only rarely produced arrest in the deep inspiratory position; usually it 
produced arrest in the expiratory position, or in the position as the arrest 
which characterised bilateral vagotomy, i.e. in the resting position of 
the thorax (Fig. i). In the chicken, however, Graham (1940) found a 
tendency for a shift to the inspiratory phase, with a general slowing of 
breathing. Slowing was also invariably obtained by Dooley and 
Koppanyi (1929) in the duck, regardless of the “strength” of the current; 
this they regarded as contrary to the usual effect in mammals. On the 
other hand, in the same species Cavali^ (1898) obtained acceleration of 
breathing with weak stimulation, and arrest in the expiratory phase 
w’ith strong stimulation. Orr and Watson (1913) usually obtained 
single inspiratory movements in the duck, synchronous with stimulation. 

Sinha {1958) thoroughly reviewed the whole field and greatly 
extended knowledge by using properly controlled frequencies and 
voltages. Intense stimuli at low frequency induced a shift towards 
inspiration ivith increased rate. Weak stimuli at higher frequency 
induced a slight expiratory reaction with slowing or acceleration of 
breathing. Stronger stimuli at higher frequencies induced an inspira- 
tory tonic component. He concluded that these results are similar 
to those obtained from mammals. 

Interpretation of effects of bilateral cervical vagotomy 

The cITccls of bilateral cervical vagotomy arc different in birds and 
mammals. The responses in birds, although erratic enough in detail, 
arc apparently relatively consistent in their basic characteristics: 
in mammals the nature and sc\-crity of the changes have evidently 
varied considerably with the obscn-cr (liozlcr and Burch, 1951)- I" 
birds the enormous reduction in rate is due most commonly to a pause, 
oecurring in the resting position of the thora.\ (i.e. midway between 
the active and passisc phases ofinspiration and/or expiration): it may 
also be due to a general slowing of either inspiration or expiration. In 
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the mammal, however, the slowing is much smaller and may often be 
due to a prolongation of inspiration. In birds the full effects on ampli- 
tude and rate develop progressively over lo min. or more; in mamma s 
they may be immediate. The minute volume is profoundly depresse 
in birds, but may be only slightly altered in marnmals (Best an 
tQSS)- Dyspnoea seems to be more common in the bird t an in c 
mammal. . , , „ 

The usual interpretation of the effects of bilateral cervica 
in birds is that breathing is controlled by Hering-Breuer “ 
Sturkie, 1954; Salt and Zeuthen, i960); the slow rate 0 rea g 
bilateral vagotomy is held to reflect the spontaneous 
respiratory centre (Salt and Zeuthen, .960). Fedde ^ ^ 
have strongly challenged this view. They consider e yp 
stimulatory afferent vagal impulses normally exci e „ j 
centres: these arise from unknown receptors and 

changes in the tension of the lung. (This was ““^^r ^ y^^^ absence 

Burch (1951), from their experiments after vagotomy, 

of these impulses which causes the slowness of central stump of 

The fact that appropriate electrical stimidation 0 support the 

the avian vagus can cause faster breathing app (196311, 

concept of a stimulatory drive in the avian vagu • , ^ niust reach 

A) also point out, however, that many other a qq pain and 

the avian respiratory centre, such to the centre. Hence 

temperature. These they postulate as inh j^ .gjne after vagotomy 

they interpret the large decrease in the rate o jj “normally 

as “the full expression of these inhibitory „ peep anaesthesia 

counter-balanced by vagal stimulatory ("’P” ( niy, could diminish 

by appropriate drugs, after bilateral impulses. Their o» n 

the responsiveness of the centre to these in ,nHer deep barbitura e 

important experimental results of vagotom blocking of ot ' 

anaesthesia can then be interpreted as According to t » 

the stimulatory and the inhibitory afferen vagotomy ^ 

proposition the pattern of breathing basic actiwty o t^ 

deep anaesthesia must then be the expre „5cmblc quite close > • 

respiratory centre; this pattern is t^serve ^ jimiing o 

of normal breathing, the only breathing- 

rate and a small increase in amphtu appears 
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inhibitory non-vagal impulses? These problems await further inv 
gation. 
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steroids), 87-91, 97-100, 103-10, 181-5 
Choline synthesis, 88 
Cholinesterases, 249-53, 255-8, 264, 274*^ 
active sites, 257-8 
distribution in amnion, 275-6 
inhibition of, 253-5 
Chromatography, 135 
alumina, 24-6, 78-9, 105 
column, 78, 97, 131, 138-40 
gas, 47-8 

thin layer (TLC), 24-6 
paper, 23 
Clearance, 

BSP, 294-300 
palmitatc, 114 
renal, 287-90 
Cloaca, 44-6, 146 


3*4 



326 INDEX OF 

Formazan (mono-, di-), 31-6 

Free (unesterified) fatty acids (FFA), 99, 
113-22 

Freeze-dried ACTH, 104 
pituitary, 20 

Freezing-point depression 
cock plasma, 70, 73 
egg white, 70-73 
seminal fluid, 48 


Gaseous exchange {cf. oxygen, carbon 
dioxide), 21 1, 214, 219 
Gasping response, 119 

Gastrocnemius muscle preparation, 249-50 
Germ-free chickens, 181-7 
• characteristics, 182-3 
Glomerular filtration, 287-9 
Glucagon, 113-22 
Glucocorticoid synthesis, 1 1 1 
Glucose, 113-5 

Glutamate, glutamic acid, 48, 1 74-5 
Glutaraldehyde, and osmic acid fixation, 31 
Glycogenesis, 103-110, 115 
Golgi substance, 32, 35 
Gonads 

Dependence on hypophysial secretion, 3 
Possible effect of ascorbic acid on, 58 
^ Gonadotrophic cells (anterior hypophysis), 
53 

Gonadotrophin, 14-22, 199-202 
Granulosa (follicle), 30-7 
Growth rate, 156, 161, 171-3, 186-7, *7*“3> 
229-33, 240 
Guanethidine, 279-84 
Guanosinc triphosphate (GTP), 126-30 


Hatchability {cf. Fertility), 63, 73, 88 
Heart, catecholamine content of, 279-83 
Heart puncture, 4-5, 105 
Heat conservation, 229 
Heat increment of food, 217, 226 
Heat production, 211-4, 217-26, 233 
Heat tolerance, 225-6 
HcmiclioUnium, 2G6 
Hering-Breuer reflexes, 309 
Hcxamethonium, 113-6, 120, '262-6, 271 
Histamine, 263-71, 287-9 
Histidine, 157 
Holocrine, 45 
Homeostasis, 170, 231 
Hormones {ef. specific names), 12, 14-22, 
30 t 59. U 3 * 22 , 133*43. 199-202 
Homing, 212-3, 219-21, 235-45 
heating, 235, 241-5 

insulation, 212-3, 235, 241-3 . 

ventilation, 21 1-3, 218, 222-6, 235, 241 * 
Huddling, 228-g, 233 V 

Humidity. 211-2, 219, 221-6, 24a 
Hydrogen ion concentraiion (ff. /H) 


SUBJECTS 

Hydroxysteroids, 31-6 
Hydroxylysine, 179 
Hydroxystcroid dehydrogenases, 30- r 
5-Hydroxytryptamine (5HT), 261-72 
Hypercalcaemia, igg-201 
Hypcrglycaemia, 103-11, 122 
Hyperplastic adrenal homogenates, 36 
Hypophysectomy, 3, 5, 14-22 
Hypophysis {cf. Adenohypophysis, Pituitary) 
3-9. 53 

Hypothalamus, 3, 156, 199, 201, 281 


I.C.I. Compound 33828, 14-22 
Indian ink, injection of shell gland vascular 
system, 191-5 

Indocyanine green (ICG), 297 
Induction, of enzyme formation, 276 
Infundibulum (funnel), 39-42 
water-soluble protein content of, 139 
Insecticides, 249, 258-9 
Insemination, 39-42, 52-9 
Insulin, 113-22 
, Inulin (clearance), 287 
Ionic exchange (Na-K), 69 
" I ” particles, 125-31, plates 13-15 
Tsoleucine, 156, 166-8 
Isotopes, radioactive, 125-30 
Cl, 279 
C“, 23-9 
«S, 149, 164 
T, 23-9 

Isthmus, 7, 65, 69-71 
water soluble proteins in, 139 


Kidney, venous system and excretion of, 
{cf. Nephron) 286-92 
Kinoplasmic droplet, 44, 49 
Kosin test, 42 
Krebs’s solution, 261-3, 271 


Laparotomy, 17, 21, 41 

** Layers’ cramp,”*i99, 202 

Laying Cycle {cf. Ovulatory Cycle) 

Lccithase, 99, 130 

Lecithin, 88 

Leucine, 156, 166-8 

Leydig cells, 36 

Libido, 53, 57 

Linolcic acid, 93, 97 

Lipase, 99 

Lipids, 87-101, 113-4 

' •' • counting, 2G-7 

7 ' 



220 INDEX OF 

Formazan (mono-, d»*), 3*“^ 

Free (uncstcrified) fatty acids (FFA), 99, 
113-22 

Freeze-dried ACTH, 104 
pituitary, 20 

Freezing-point depression 
cock plasma, 70, 73 
egg white, 70-73 
seminal fluid, 48 


Gaseous exchange {cf. oxygen, carbon 
dioxide), 21 1, 214,219 
Gasping response, 119 
Gastrocnemius muscle preparation, 249-50 
Germ-free chickens, iQi-y 
• characteristics, 182-3 
Glomerular filtration, 2O7-9 
Glucagon, 113-22 
Glucocorticoid synthesis, 1 1 1 
Glucose, 113-5 

Glutamate, glutamic acid, 48, 174-5 
Glutaraldehyde, and osmic acid fixation, 31 
Glycogencsis, 103-110, 115 
Golgi substance, 32, 35 
Gonads 

Dependence on hypophysial secretion, 3 
Possible effect of ascorbic acid on, 58 
P Gonadotrophic cells (anterior hypophysis), 
53 

Gonadotrophin, 14-22, 199-202 
Granulosa (follicle), 30-7 
Growth rate, 156, 161, 171-3, 186-7, >7*“3 j 
329-33> 240 
Guanethidine, 279-84 
Guanosine triphosphate (GTP), 126-30 

Hatchability {cf. Fertility), 63, 73, 88 
Heart, catecholamine content of, 279-83 
Heart puncture, 4-5, 105 
Heat conservation, 229 
Heat increment of food, 217, 226 
Heat production, 211-4, 217-26, 233 
Heat tolerance, 225-6 
Hemicholinium, 266 
Hering-Breuer reflexes, 309 
Hexamethonium, 113-6, i20,-262-6, 271 
Histamine, 263-71, 287-9 
Histidine, 157 
Holocrine, 45 
Homeostasis, 170, 231 
Hormones {cf. specific names), 12, 14-2 
30, 59. ”3-22, 133-43, 199-202 
Housing, 212-3, 219-21, 235-45 
heating, 235, 241-5 
insulation, 212-3, 235, 241-3 
ventilation, 211-3, 218, 222-6, 235, 241 
Huddling, 228-9, 233 
Humidity, 211-2, 219, 221-6, 242 
Hydrogen ion concentration {cf, ^H) 


SUBJECTS 

Hydroxysicrolds, 31-6 
Hydroxyl>’sinc, 179 
Hydroxystcroid dcliydrogcnascs, 30-1 
5-Hydroxylry’ptaminc (5HT), 261-72 
Hypcrcalcacmia, 199-201 
Hypcrglycacmia, 103-11, 122 
Hyperplastic adrenal homogenates, 36 
Hypoph>-scciomy, 3, 5, 14-22 
Hypophysis {cf. Adcnohypoph>-sis, Pituitary) 
3-9, 53 

Hypothalamus, 3, 156, 199, 201, 281 


I.C.I. Compound 3382O, 14-22 
Indian ink, injection of shell gland vascular 
system, 191-5 

Indocyanine green (ICG), 297 
Induction, of enzyme formation, 276 
Infundibulum (funnel), 39-42 

water-soluble protein content of, 139 
Insecticides, 249, 258-9 
Insemination, 39-42, 52-9 
Insulin, 113-22 
Inulin (clearance), 2O7 
Ionic cxcliangc (Na-K), 69 
“ 1 ” particles, 125-31, plates 13-15 
Isolcucinc, 156, i66-8 
Isotopes, radioactive, 125-30 
Cl, 279 
C“, 23-9 
*^S, 149, 164 
T, 23-9 

Isthmus, 7, 65, 69-71 
water soluble proteins in, 139 


Kidney, venous system and excretion of, 
(c/. Nephron) 286-92 
Kinoplasmic droplet, 44, 49 
Kosin test, 42 

Krebs’s solution, 261-3, 271 


Laparotomy, 17, 21, 41 

“ Layers' cramp,”‘ig9, 202 

Laying Cycle {cf. Ovulatory Cycle) 

Lecithase, 99, 130 

Lecithin, 83 

Leucine, 156, 166-8 

Leydig cells, 36 

Libido, 53, 57 

Linolcic acid, 93, 97 

Lipase, gg 

Lipids, 87-101, 113-4 

Liquid scintillation counting, 26-7 

Liver 

lipids in, 87-101, 113 
glycogcnesis, 105, 108 
oxygen uptake, 160 
Luteal cclk, 32, 37 



226 INDEX OF 

Formazan (mono-, di-), 31-6 

Free (unesterified) fatty acids (FFA), 99, 
113-22 

Freeze-dried ACTH, 104 
pituitary, 20 

Freezing-point depression 
cock plasma, 70, 73 
egg white, 70-73 
seminal fluid, 48 


Gaseous exchange {cf, oxT^en, carbon 
dioxide), 211, 214, 219 
Gasping response, 1 19 

Gastrocnemius mxiscle preparation, 249-50 

Germ-free chickens, 181-7 

• characteristics, 182-3 

Glomerular filtration, 287-9 

Glucagon, 113-22 

Glucocorticoid synthesis, 1 1 1 

Glucose, 113-5 

Glutamate, glutamic acid, 4O, 1 74-5 
Glutaraldehyde, and osmic acid fixation, 31 
Glycogenesis, 103-no, 115 
Golgi substance, 32, 35 
Gonads 

Dependence on hypophysial secretion, 3 
Possible eflect of ascorbic acid on, 58 
^ Gonadotrophic celb (anterior hypophysis), 
53 

Gonadotrophin, 14-22, 199-202 
Granulosa (follicle), 30-7 
Growth rate, 156, r6f, ryr-s, 

229-33, 240 
Guanethidine, 279-84 
Guanosine triphosphate (GTP), 126-30 


Hatchability {cf. Fertility), 63, 73,88 
Heart, catecholamine content of, 279-83 
Heart puncture, 4-5, X05 
Heat conservation, 229 
Heat increment of food, 217, 226 
Heat production, 211-4, 217-26, 233 
Heat tolerance, 225-6 
Hemicholinium, 266 
Hcring-Breucr reflexes, 309 
Hexamethonium, 113-6, i20,’262-6, 271 
Histamine, 263-71, 287-9 
Histidine, 157 
Holocrine, 45 
Homeostasis, 170, 231 
Hormones {cf. specific names), 12, 14-2 
30. 59 . 113-22. 133-43. 199-202 
Housing, 212-3, 219-21, 235-45 
healing, 235, 241-5 
insulation, 212-3, 235, 241-3 
ventilation, 21 1-3, 218, 222-6, 235, 241 
Huddling, 228-9, 233 
Humidity, 211-2, 219, 221-6, 242 
Hj-drogen ion concentration {cf. p\l) 


SUBJECTS 

Hydroxystcroids, 31-6 
Hydroxylysine, 179 
Hydroxysteroid dehydrogenases, 30-t 
5-Hydroxytryptamine (5HT), 261-72 
Hypcrcalcaemia, 199-201 
Hypcrglycaemia, 103-11, 122 
Hyperplastic adrenal homogenates, 36 
Hypophyscctomy, 3, 5, 14-22 
Hypophysis {cf. Adenohypophysis, Pituitary) 
3 - 9 . 53 

Hypothalamus, 3, 156, 199, 201, 281 


I.C.I. Compound 33828, 14-22 
Indian ink, injection of shell gland vascular 
system, 191-5 

Indocyanine green (ICG), 297 
Induction, of enzyme formation, 276 
Infundibulum (funnel), 39-42 

water-soluble protein content of, 139 
Insecticides, 249, 258-9 
Insemination, 39-42, 52-9 
Insulin, 113-22 
, Inulin (clearance), 287 
Ionic exchange (Na-K), 69 
“ I ” particles, 125-31, plates 13-15 
Isoleucine, 156, 166-8 
Isotopes, radioactive, 125-30 

Cl, 279 

C“, 23-9 
•*S, 149, 164 
T, 23-9 

Isthmus, 7, 65, 69-71 
water soluble proteins in, 139 


Kidney, venous system and excretion of, 
{cf. Nephron) 286-92 
Kinoplasmic droplet, 44, 49 
Kosin test, 42 

Krebs’s solution, 261-3, 271 


Laparotomy, 17, 21, 41 

" Layers’ cramp, ”*199, 202 

Laying Cycle {cf. Ovulatory Cycle) 

Lecithase, 99, 130 

I^ithin, 88 

Leucine, 156, 166-8 

Lcydig cells, 36 

Libido, 53, 57 

Linoleic acid, 93, 97 

Lipase, 99 

Lipids, 87-101, 113-4 

Liquid scintillation counting, 26-7 

Liver 

lipids in, 87-101, 113 
glycogenesis, 105, 108 
ox^-gen uptake, 160 
Luteal cclb, 32, 37 



Formazan (mono-, di-), 31-6 

Free (uneslerified) fatty acids (FFA), 99, 
1 13-22 

Freeze-dried ACTH, 104 
pituitary, 20 

Freezing-point depression 
cock plasma, 70, 73 
egg white, 70-73 
seminal fluid, 48 


Gaseous exehange {cf. oxygen, carbon 
dioxide), 211, 214, 219 
Gasping response, 1 19 
Gastrocnemius muscle preparation, 249-50 
Germ-free chickens, 181-7 
• characteristics, 182-3 
Glomerular filtration, 287-9 
Glucagon, 113-22 
Glucocorticoid synthesis, 1 1 1 
Glucose, 113-5 

Glutamate, glutamic acid, 48, 174-5 
Glutaraldehyde, and osmic acid fixation, 31 
Glycogenesls, 103-110, 115 
Golgi substance, 32, 33 
Gonads 

Dependence on hypophysial secretion, 3 
Possible efifect of ascorbic acid on, 58 
3 Gonadotrophic cells (anterior hypophysis), 
53 

Gonadotrophin, 14-22, 199-202 
Granulosa (follicle), 30-7 
Growth rate, 156, 161, 171-3, 186-7, *7*“3> 
229-33, 240 
Guanethidine, 279-84 
Guanosine triphosphate (GTP), 126-30 

Hatchability {cf. Fertility), 63, 73, 88 

Heart, catecholamine content of, 279-83 

Heart puncture, 4-5, 105 

Heat conservation, 229 

Heat increment of food, 217, 226 

Heat production, 211-4,21 7-26, 233 

Heat tolerance, 225-6 

Hemicholinlum, 266 

Hering-Breucr reflexes, 309 

HexamcUionium, 113-6, i2o,'262-6, 271 

Hbtamine, 263-71, 287-9 

Histidine, 157 

Holocrine, 45 

Homeostasis, 170, 231 

Hormones {cf. specific names), 12, 14-22 
30, 59, ”3*22, 133-43, 199-202 
Housing, 212-3, 2ig-2i, 235-45 
heating, 235, 241-5 
insulation, 212-3, 235, 241-3 
ventilation, 21 1-3, 218, 222-6, 235, 241 
Huddling, 22O-9, 233 
Humidity, 2JI-2, 219, 221-6, 242 
H>'drogcn ion concentration {cf. ^H) 


Hydroxystcroids, 31-6 
Hydroxylpinc, 179 
Hydroxystcroid dcliydrogcnascs, 30-1 
5-Hydroxylryptaminc (5HT), 261-72 
Hypcrcalcaemia, 199-201 
Hypcrglycacmia, 103-11, 122 
Hyperplastic adrenal homogenates, 36 
Hypophyscctomy, 3, 5, 14-22 
Hypophysis {cf. Adenohypophysis, Pituitary) 
3*9, 53 

Hypotlialamus, 3, 156, 199, 201, 281 


I.C.I. Compound 33828, 14-22 
Indian ink, injection of shell gland vascular 
system, 191-5 

Indocyanine green (ICG), 297 
Induction, of enzyme formation, 276 
Infundibulum (funnel), 39-42 

water-soluble protein content of, 139 
Insecticides, 249, 258-9 
Insemination, 39-42, 52-9 
Insulin, 113-22 
, Inulin (clearance), 287 
Ionic exchange (Na-K), 69 
“ I ” particles, 125-31, plates 13-15 
Isolcucinc, 156, i66-8 
Isotopes, radioactive, 125-30 
Cl, 279 
C“, 23-9 
149, 164 
T, 23-9 

Isthmus, 7, 65, 69-71 
water soluble proteins in, 139 


Kidney, venous system and excretion of, 
{cf. Nephron) 286-92 
Kinoplasmic droplet, 44, 49 
Kosin test, 42 

Krebs’s solution, 261-3, 27: 


Laparotomy, 17, 21, 41 

" Layers’ cramp, "*199, 202 

Inlying Cycle {cf. Ovulatory Cycle) 

Lecithase, gg, 130 

Lecithin, 88 

Leucine, 156, 166-8 

Leydig cells, 36 

Libido, 53, 57 

Linoleic acid, 93, 97 

Lipase, gg 

Lipids, 87-101, 113-4 

Liquid scintillation counting, 26-7 

Liver 

lipids in, 87-101, X13 
glycogcncsis, 105, 108 
oxygen uptake, 160 
Luteal cells, 32, 37 
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INDEX OF SUBJECTS 


’ormazan (mono-, di-), 31*6 
free (unesterified) fatty acids (FFA), 99, 
113-22 

Freeze-dried ACTH, 104 
pituitary, 20 

Freezing-point depression 
cock plasma, 70, 73 
egg white, 70-73 
seminal fluid, 48 


Gaseous exchange (e/. oxygen, carbon 
dioxide), srr, 2^4, zrg 
Gasping response, 119 
Gastrocnemius muscle preparation, 249-50 
Germ-free chickens, 181-7 
■ characteristics, 182-3 
Glomerular filtration, 287-9 
Glucagon, 1x3-22 
Glucocorticoid synthesis, 1 1 1 
Glucose, 113-5 

Glutamate, glutamic acid, 48, 1 74-5 
Glutarald^yde, and osmic acid fixation, 31 
Glycogcncsis, 103-110, 115 
Golgi substance, 32, 35 
Gonads 

Dependence on hypophysial secretion, 3 
Possible cficct of ascorbic acid on, 58 
)3 Gonadotrophic cells (anterior hypophysb), 
53 

Gonadotrophin, 14-22, 199-202 
Granulosa (follicle), 30-7 
Growth rate, 156, i6x, 171-3, 186-7, 
229-33, 240 
Guanethidinc, 279*84 
Guanosinc triphosphate (GTP), 126-30 


Hydroxystcroids, 31-6 
Hydroxylysinc, 179 
Hydroxysteroid dehydrogenases, 30-1 
5-Hydroxytryptaminc (5HT), 261-72 
Hypercalcaemia, 199-201 
Hyperglycaemia, 103-11, 122 
Hyperplastic adrenal homogenates, 36 
Hypophysectomy, 3, 5, 14-22 
Hypophysis {cf. Adenohypophysis, Pituitary) 
3-9. 53 

Hypothalamus, 3, 156, 199, 201, 281 


1 .C.I- Compound 33828, 14-22 
Indian ink, injection of shell gland vascular 
system, 191-5 

Indocyanine green (ICG), 297 
Induction, of enzyme formation, 276 
Infundibulum (funnel), 39-42 

water-soluble protein content of, 139 
Insecticides, 249, 258-9 
Insemination, 39-42, 52-g 
Insulin, 113-22 
, Inulin (clearance), 287 
Ionic exchange (Na-K), 69 
“ I *’ particles, 125-31, plates 13-15 
Isoleucine, 156, i66-8 
Isotopes, radioactive, 125-30 
Cl, 279 
C‘*, 23-9 
**S, 149, 164 
T, 23.9 

Isthmus, 7, 65, 69-71 
water soluble proteins in, 139 


Hatchability {cf. Fertility), 63, 73, 88 

Heart, catccliolaminc content of, 273-83 

Heart puncture, 4-5, 105 

Heat conscn.’aiion, 229 

Heat increment of food, 217, 226 

Heat production, 2n-4, 217-26, 233 

Heat tolerance, 225-6 

HcTnicholinium, 266 

Hering-Breuer reflexes, 309 

Hcxametlionium, I13-G, 120, 2C2-6, 271 

Hislaminc, 263-71, 287-9 

Histidine, 157 

Holocrine, 45 

Homeostasis, 170, 231 

Hormones (tf. specific names), 12, 14-22, 
30, 59. H3*22. *33-43. *99-202 
Housing, 212-3, 219-21, 235-45 
heating, 235, 041-5 
insulation, 212.3, 235, 24X-3 
ventilation, 2J 1.3, 2t8, 222-6, 235, 241 
Huddling, 22O-9, 233 
Humidity, ztt-a, 219, 221-6, 242 
H^xlrof.en ion concmiraiion {tf. /»H) 


Kidney, venous system and excretion of, 
{cf. Nephron) 286-92 
Kinoplasmic droplet, 44, 49 
Kosin test, 42 

Krebs’s solution, 261-3, 271 


Laparotomy, 17, 21, 41 

** Layers’ cramp,” *199, 202 

Laying Cycle (c/. Ovulatory Cycle) 

Lecithasc, gg, 130 

Lecithin, 88 

Leucine, 156, t 6 &-B 

Ley'dig cells, 36 

Libido, 53, 57 

Linolcic acid, 93, 97 

Lipase, 99 

IJpids, &7-iot, 113-4 

Liquid scintillation counting, 26-7 

Liver 

lipids in, 87-101, 113 
glycogenesia, 105, loO 
ox^Tten uptake, 160 
Luteal celb, 32, 37 



INDEX OF 


Lutein {cf. Xanthophylls) 

Lutein celk, 33 

Luteinising hormone (LH), 3-9 
Lymph folds {cf. Erectile structures) 
Lysine, 129, 150, 156-62, 166-8, 173‘9 
available, 175-9 
Lysozyme, 135-43 


Magnesium, 48, 63-73 
Magnum, 3, 7, 41, 65-72, 125, 134"43 
thread in, 7 

Riboflavin content of, 1 34 
Mecamylamine, 264-6 
Medullary bone, 199-202 
Membrane, cell (in amnion), 274“8 
Membrane, shell, 69-72, 191 

effect on shell strength, 203, 207 
Membrane, yolk, 73 
Membrane permeability, 36 
Mepyramine, 269-71 
Metabolism 

effect of ascorbic acid, on, 57-9 
energy, 211-26 
plasma fatty acids, 122 
respiratory, 215-8, 222-6 
Metabolic Rate, 211-25, 229 
Basal (BMR), 211, 216-20 
Metabolic faecal nitrogen (MEN), 146-52 
Methionine, 88, 149, 150, 157, 163-4,237*4® 
Michel clips {cf. Thread), in sheU gland, 12 
Microsomes, comparison of “I” partic es 
with, 125-30 

Minute volume, 304, 309 
Mipafox, 277 

Mitochondria, 33-5, 128, 131. p'»*“ 
and 14 

Morphine, 266-8 
Motor end-plates, 249 


SUBJECTS 327 

Oestrogens (oestronc, oatradiol, oestriol), 

as-so, 35. 37. 133-43. 

Oeslrogen-androgen synergism, 199 

Oleic acid, 91-2, 98 
Osmic acid fixation, 31 
Osmotic pressure 
egg white, 63, 7® 
seminal plasma, 44, 5® 

Ovalbumin, >3"43 Depletion 

Ovarian Ascorbic 

to A A.D.) method, 3-5, ^ 

Ova4 (^. Follicle, 0™m), 12, H-. 64, 
133, '43. '99 

Oviducal eggs, 20 , 64 -? 

Oviduct, 4 - 5 . ". 87. 50 . ’ 

effect of hormones on, 14 =2, 13J « 
proteins in, 125-3'. '33-43 
puncture, 4^ 

g:S;s:t^e^omp.=..72 

Ovomucoid, '36-43 63.O, 

Ovulation, 3-7. ^ 

““ , „ s 7 i4-t5. 4'. '95-2'» 

Ovulatory oyo f’ 3 5. 7. 4 g g 

Ovum(r/.FolhcIe^",3^7,4 

Oxygen consumption, 57. 

Oxytocin, 12-1 3 

Pacemal=er,orchich ^0100,274-5 

Palmitic acid, 87, J 

clearance, iH jj. jg.-ga 

Errss-lr""'"” 

Parathyroid, >97 “ 

pempidine. 087 

Penicillin (t/ “ 

Peristaltic aclion ol gu • 

Perivitclline la>er. 3 



328 INDEX OF 

Plumping, 63-73 
Polyspermy, 42 

Posterior vena cava, ligation of, 297-300 
Potassium, 48, 63-73 
Pregnenolone {cf. Hydroxysteroids) 
Proctodacum, 44-7, 103 
Progesterone, 3, 7, 30, 37, 133-43 
Prosthetic group (Bu as), 88 
Proteins 

egg white, 63, 71, 136-42 
seminal fluid, 48 
synthesis in oviduct, 125-31 
water-soluble magnum proteins (IVSMP), 

>36-43 . . 

water-soluble oviduct proteins (WSOP), 
>33-43 

yolk, 199-200 

Protein requirements, 146-52, 171-80, 237 
“Protein effect" 171-2 
Puromycin, 129 
Pyridostigmine, 254 


Radioactive isotopes (c/. Isotopes, radio- 
active) 

Uenal function, 286-92 
Reproductive tract {cf. Oviduct), 44-6 
Ueserplne, 113-9, 280-1 
Resorption (of yolk), 19 
Respiration, effect of vagotomy on, 302-10 
Respiration chamber, 211-4 
Respiratory diseases, susceptibility to, 212, 
22G, 243 

Respiratory quotient, 215-8 

Uetc testis, 45 

Uibonucleasc, 130 

Round folds {cf. Erectile structures) 


Secretion 

accessory rqiroductivc glands, 47-50 
kidney tubules, 287-9 
oviduct, 41, 125, 134 
iliellgUnd, 191-8 

39-43. 4-Pio. 52-9 
collection, 4C-7, 53-5 
dilution, 44, 50, 54 
Seminiferoin tubule, 45, plate 1 1 
Shell 

formation, C9, 191, 199-202 
electrol)le compmitJon, C5 
quality, I i 
itfenglh, 203-7 
specific gravity, 2oC 
tiiickness. 203. 5m3*7 

Sbrlkland (Utmisl, 3. 11*13. 19. 4s, 

70, 19141 

blood supply. iBi-C, plate iC 
fluid. 73. 197 

inneesatkio, 12 
ihrrail in, 12, 197 


SUBJECTS 

Shell-less eggs {cf. Eggs), 11-12, 197 
Smooth muscle, of amnion, 274-8 
Social Rank, 53 
Sodium, 63-73 

Sodium pentobarbital {Neinbutal)^ 17, 306-9 
Soft-shclied eggs (cf. Eggs), 12, 19, Bt 
Spectrophotometry {cf. Atomic absorption, 
Ultraviolet) 

Spermatogenesis, 15, 52, 59 
Spermatozoa, 39-43, 44-50, 52-9 
motility, 40, 52-6 

Sperm-storage glands (“Sperm nests”), 
39-43 

Sphincter, renal portal, 289-91, Q94, 300 
Sphingomyelin, 95-7 
Spinal cord, transection of, 304 
Stearic acid, 87, 92, 99 
Sterility {cf. Fertility), 52-6 
Steroids {cf. Hormones, Hydroxysteroids), 
23.36 

Stocking density, 235, 243 
Streptococcus faecalis, 1 86 
Stress, 56, 103-4, >09*>0, 238, 282 
Student’s t test, 18, 194 
Succinylclioline, 255 
Sulphur (**S), 149, 164 
Sulphydiyl compounds, effect on sperma- 
tozoa, 49 

S>-stolic pressure, effect of nar-adrenaline 
on, 120 


Temperature 
body, 21 1-26 
fatal, 225 

regulation, 211-26, 228-9 
environmental, 211-26, 228-33, 235-41, 

242-5 

critical, 221 
fluclualing, 235-40 
Tctractliyl ammonium, 2B7 
Tctramcthylammonium, 2C4 
Testis, 44*6, 57 

Testosterone {cf. Hydroxysteroids), 53, 
>33-4« 

Tlieca inicma, 30-7 
Tltrcad, in utmu, 12, 197 
Threonine, 156-8, 166 
Tliorax, resting position of, 304-8 
Tliymm, 1O2 
Tliyroid, 52, 59 
'niyroprotcin, 52-8 

Tli>TotrophIc ce!U (of adcnoh>'pophpli), 53 
Th>TOxine, 5II 

Total body anal)'iis, of neHly-Iiatrhr<l 
clucks, O3-70 
Toxicity 

1CI comjiound 33828, at 
inv-eiicidcx, 258-9 

Tramport, Ionic {tf. Aeti^T lran»poft\, 
66-73 
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Transport, yolk materials, qq-roo 
Triglycerides, 87-100 
Tritium (T) {cf. Isotopes) 

Tryptophan, 155-68, 237 
Tubocurarine, 250-3 
Tubular cells 
of nephron, 72 
ofshellgland, 193-4 

Twinning planes, in shell cry’stals, 203, 207 
Tyrosin, 59 


Ventilation, 211-21, 222-6, 235, 241-5 
Ventilation (pulmonary), 219-23 
Vesicles, in follicle, 32, 131, plate 13 
Vitamins {cf. Ascorbic acid, thyroprotein, 
etc.) 

A, 76-7, 83-5, 181-3 
Bjj, 87-101, 181-4 
vitamins and fertility, 57-9 
supplementation of low-pigmcnt diet, 
79-80 


Urea (and Uric acid), 50, 287-g 
ltra\iolct absorption spectrometry, 23, 
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Ureter, 46 
catheterisation, q86 


wtcriorisation, 147 
Urine, 23, 146-8, 214, 271, 287. 
Urodaeum, 46-7 
Utero-isthmusjunction, 11 
Uterovaginal junction, 39-41 
Uterus {cf Shellgland) 


Warburg apparatus, 253 
Water, accumulation of in egg, 63-73 
Water, consumption of, Qii, 224 
Water-soluble oviduct proteins, {cf. Proteins) 
\\T>ile (of egg) {cf Egg) 
composition, 63-4, 69-72 
White, thick, 69-72 
White body {cf. Erectile structures) 

Xanthophylls (zeaxanthio, lutein), 75-83 


Vacuoles, fat, in embryo liver, 87, 96 

Va!!"®’ 47*50, 139 

®gtis, 261-6, 302-10 

agotomy, bilateral cervical, 302-8 
Vahne, 156, 166-8 
Vasculature 
ofshellgland, igi-S 
of kidney, 286-92 
ofliver, 294-300 

vf 44-50 

Vas efferens, 45 
Vasopressin, 12-13 


Yolk 

banding in, 83 
lipid content, 87-101, 122 
pigmentation, 75'85 
resorption, 19 

synthesis, 21, 24, 3“. 34. 63-4. 68, 73. 
113,119-200 

Yolk lipids, extraction of, 78 
Yolk sac, 89-90, 99 

Zeaxanthin (r/. Xanthophylls, Pigments), 

75-8, 

Zona radiata, 30-4 
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